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SUMMARY 
Scientists started to study the relationship between changing weather patterns and the emission 
of carbon dioxide (CO2) and other harmful gasses. They soon discovered compelling evidence 
that CO2 concentration and other gases have been increasing and it was causing temperatures to 
increase in certain areas on the earth, which disturb historic weather patterns. Climate change 
has become a very popular field of study in the modern science.  
 
Europe first introduced measures to reduce carbon emissions but it was the Kyoto in 1997 where 
global leaders were asked to participate in a joint protocol to reduce greenhouse gases. South 
Africa responded to climate change challenges in 2008 with the Long term Mitigation Scenarios 
(LTMS). The Integrated Resource Plan for electricity to 2030 was developed from the LTMS 
scenarios and after some major amendments it was accepted and promulgated by Government 
and has recently been included in the National Development Plan to 2030 (NDP).  
 
There are concerns about the achievability of some of the objectives listed in the NDP and this 
study explored the IRP2010 as the proposed strategy to meet energy demand and reduce 
emissions. The purpose for this study was to answer this question: 
Is there an optimum climate change mitigation strategy for South Africa and how can 
the effect thereof be simulated on economic growth? 
Through primary and secondary research during the study it was possible to define some 32 
categories of energy producing assets that are commercially active or nearly market-ready. The 
characteristics of the various assets and the relevant fuel are defined in mathematical equations.. 
It was found that the three portfolios that matched the 450TWh electricity requirement would 
perform substantially better than the NDP portfolio in terms of cost and similar on emissions 
with marginally fewer employment opportunities created. The proposed electricity strategy in 
this study was 390TWh and 33.5 Million tonnes of oil consumption by 2030. This strategy was 
substantially more affordable than the 450TWh strategy. 
 
Trends in the Supply and Use tables since 1993 were studied and then forecasted to 2030 to 
determine consumption levels on electricity and liquid fuel into the future. It was found that 
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electricity demand is seriously overestimated and South Africa would end up with large excess 
capacity in electricity infrastructures if the NDP energy strategy (IRP2010) is implemented.  
 
It is concluded that the NDP energy strategy to 2030 is based on an incorrect electricity demand  
forecast. It would lead to excessive investment in an electricity infrastructure. Government has 
confirmed that part of the new infrastructure would be nuclear.  It is also found that NDP has not 
clearly supported nuclear as part of the strategy. Nuclear is partly the reason why the capital 
requirement of the NDP portfolio is so much higher than the other portfolios. It is the conclusion 
of this study that South Africa do not need to invest in a nuclear build programme as the 
electricity demand would be adequately covered by adding the new Medupi and Kusile power 
stations, Ingula pump storage scheme, some wind and solar renewables, electricity from co-
generation, biogas, biomass, small hydro and imported hydro from neighbour countries.   
 
To invest in electricity capacity to generate  450TWh annually by 2030 would result in excessive 
energy cost, GDP growth could be up to 1% lower due to underperforming capital investments in 
the electricity infrastructure and higher energy cost would lead to a decline in global 
competitiveness.  
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AN OVERVIEW OF THE STUDY 
 
CHAPTER 1 
1.1 INTRODUCTION 
The Kyoto Protocol states that the emissions data for the six greenhouse gases namely, carbon 
dioxide (CO2), nitrous oxide (N2O), methane (CH4), sulphur hexafluoride (SF6), the hydro floro 
carbons “family” (HFCs), and the per fluorocarbons “family” (PFCs) should be reported 
(Hughes, Haw, Winkler, Marquard & Merven, 2007). Scientists calculate the current levels of 
greenhouse gases in the atmosphere at 430 parts per million (ppm). It is calculated that CO2-e 
(carbon dioxide equivalent gases) levels before the Industrial Revolution had been around 
280ppm. The higher density of CO2-e has already caused the world to be warmer a half degree 
Celsius. With emissions at current levels, the density of CO2-e should reach 550ppm by 2050 
(IPPC, 1997). Figure 1.1 is a projection by the United Nations appointed International Panel on 
Climate Change (IPCC) on how CO2-e density in the atmosphere should be managed over the 
next 50 years to stabilise emissions around 400ppm and the need for more severe climate 
change mitigation when countries delay implementation thereof five to ten years. 
Figure 1.1:   IPCC projections of mitigation requirements against deferred implementation
Source:  Department of Environment and Tourism (2008: 4) 
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 More recent projections are that emissions are growing exponentially due to large investments 
in high CO2-e emitting infrastructure whereby the 550 ppm levels will be reached as soon as 
2035 resulting in  average temperatures being three to  four degrees higher with catastrophic 
consequences to the globe (Stern Review, 2006). 
On 28 July 2008 the South African Government launched its long-term mitigation scenario 
(LTMS) process on climate change. This is the culmination of two and a half years of work 
involving stakeholders from Government, business, civil society and labour. It is a research 
report that involved experts from many fields. By adopting this strategic direction South Africa 
takes a leading position in the developing world and demonstrates its commitment to be part of 
an effective international response to global warming and climate change. In designing its 
policy for the transition to a climate resilient and low-carbon economy and society, South Africa 
will balance its mitigation and adaptation response was said by the South African Minister of 
Environmental Affairs and Tourism (Van Schalkwyk, 2008). 
Three areas need to be brought together into a coherent vision to formulate and implement a 
plan of action that is economically risk-averse and internationally aligned to the world effort on 
climate change. These are: 
1. Technology: Wider deployment of existing climate-friendly technology is necessary, 
together with commercialisation of emerging technologies and spending at scale on 
research and development of new technology. 
2. Investment: The sources, mechanisms, and extent of investment in a low-carbon society 
need to be found and actively pursued. 
3. Policy: The country will need clear guidance through policy frameworks that send 
sustained and legally enforced messages to the markets. 
The South African Minister of Environmental Affairs and Tourism (Van Schalkwyk, 2008), 
revealed that internationally scientists forecast that an increase in a global average temperature 
of more than 2ºC above pre-industrial levels, poses a danger to the environment. Climate change 
challenges are urgent and the LTMS is a comprehensive domestic response based on the best 
available science, scenario building tools, rigorous analysis of energy and non-energy emissions 
and economic models. The LTMS is indeed cutting edge work.  
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The technical work done by the Energy Research Centre (2007b) for the LTMS proves under 
the scenario of growth without constraints (GWC), that emission of CO2-e in South African 
might quadruple by 2050. It is not sustainable to continue to do “business-as-usual ."  Before 
the LTMS South Africa’s current development plans had been to reduce electricity consumption 
by 15% by 2013, but the LTMS provided evidence that the current development plans were 
totally inadequate. With reference specifically to CO2 mitigation, the South African 
Government adopted the following approach to move from growth without constraints to the 
scenario of required by science as indicated in Figure 1.2. Should the country continue to do 
business as usual, South Africa’s CO2-e emissions will increase dramatically according to the 
growth without constraints curve. The current development plans to reduce emissions by 15% 
shows a small improvement as indicated on the second curve. Substantial long term gains are 
achievable with a strategy of adaptation whereby the focus is to start now with demand side 
management (reduced usage). This has to be supported by research and development of 
renewable resources in a strategy to scale up. Lastly, the curve called use the market, harnessed 
the effect of market forces through the implementation of carbon taxation on renewable energy 
subsidies. 
Figure l.2:   LTMS strategy and forecast for management of GHG emissions in South 
Africa  
 
Source:  Scenario Building Team (2007b:24)  
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1.2 BACKGROUND AND PROBLEM STATEMENT 
The LTMS is more ambitious and detailed than what many countries in the current negotiation 
process have put onto the table. The LTMS states that greenhouse gases (GHG) emissions must 
peak, at the latest by 2020-2025, stabilises for a period up to ten years and then decline in 
absolute terms according to the South African Minister of Environmental Affairs and Tourism 
(Van Schalkwyk, 2008). 
Modelling the economics of climate change is a formidable challenge, and most of the economic 
models were not built for prediction. Models are useful, but model outputs are abused in the real 
world to make predictions. In particular, the economics of climate change depends both on 
environmental changes and on the behaviour and value judgements of individuals. Economic 
models of climate change were built primarily for understanding, but have become used as 
models for prediction, without substantially changing in character according to Dietz (2009). 
 
A problem with climate change modelling is that climate modellers find it difficult to assess and 
discuss the reliability of climate model results. Peterson (2009) expressed the concern that the 
IPCC assessments of such models are social constructs that contain both scientific and political 
elements. Criticism that the IPCC is not open enough to “sceptics” is often voiced and its 
practices and procedures ensure inclusivity by which “sceptics” have little influence. Reflexivity 
on contradicting views is little to moderate. The LTMS scenario building teams have built on 
IPCC research and model assessment reports stating that it has used the forecasts of leading 
international scientists. It is the view of Peterson (2009) that the forces driving climate change 
are not yet known. It is believed (not proven) that most of the observed increase in globally 
averaged temperatures since the mid-20th century is very likely due to the observed increase in 
anthropogenic greenhouse gas concentrations.  
 
The LTMS seems to be aligned with the IPCC targets regarding reductions on GHG emission, 
but can the South African economy afford it? What effects will the implementation of the 
LTMS or later climate change policies have on the economic growth as measured by gross 
domestic product (GDP)? In reality, the implementation of climate change policies will create a 
negative economic shock to GDP through conditions of increased taxes on certain industries and 
incentives to other industries. Higher levels of uncertainty in the South African economy would 
24 
 
impact negatively on capital budgets and infrastructure development. It might also affect major 
structural changes within the current business environment. 
 
The LTMS targets are listed in the following verbatim extract from the document: Long Term 
Mitigation Scenarios: Strategic Options for South Africa (Scenario Building Team, 2007a). 
The key driver for success is a CO2 tax – a price change that makes the use of fossil fuels 
much less attractive, and induces an indirect effect of greater investment in low-carbon 
technologies. The Scenario Building Team considered various levels of CO2 tax. Use the 
Market assumes that, over time, the price will rise from levels currently seen in carbon 
markets of R100/tCO2-e. The rising tax level is designed to approximate a phase of slowing 
emissions growth, stabilising emissions, and ultimately reducing absolute emissions through 
a high carbon tax of R750 in the last decade. Taxes generate revenues, and these can be used 
to provide incentives. The tax drives electricity supply to move away from coal to nuclear 
and renewable sources.  
 
No new coal plants are built and existing coal power supply declines rapidly from 2025, so 
that by 2040 only 4 GW of coal capacity is left. A total of 14 new conventional nuclear 
plants are built, adding 25 GW of new capacity by 2050. The renewable energy plants add a 
total of 118 GW by 2050 – 61 GW of solar trough, 42 GW of solar tower and 15 GW of 
wind. The price subsidy tilts the balance of alternatives towards renewable energy. By 2050 
the total grid capacity is 151 GW. Under the Use the Market, with a CO2 tax, no new CTL 
(coal-to-liquid) plant is built, but only new oil refineries – five of them. CTL plants would 
only be built if a significantly higher oil price is assumed, and also if it is assumed that 
carbon capture and storage CCS was implemented at large scale or CTL became more carbon 
efficient by combining with other mitigation options such as biomass, other renewable 
energy, or nuclear.  
 
 Is the above scenario the optimal planning framework for South Africa in terms of climate 
change mitigation and economic growth? Based on previous economic performance and the 
economic challenges facing this country, the question emerges whether the LTMS is achievable. 
The LTMS influenced the Integrated Resource Plan for electricity to 2030 (IRP2010) and 
eventually the IRP2010 became an integral part of the National Development Plan to 2030 
(NDP). This study will develop a structuring and measuring instrument to be able to develop a 
climate change strategy and to estimate the impact on the GDP growth of the economy. 
 
The scenarios   developed in LTMS, revised for the IRP2010 and to be implemented in NDP, 
will have an impact on the way South Africans live, travel, conduct business and care for the 
environment. The existence of some industries that are currently major employers of semi-
skilled workers, such as coal mines will become threatened. Coal-to-liquid plants (Sasol) may 
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become obsolete while the whole world competes for a limited number of nuclear scientists in 
an effort to build and operate more nuclear power stations. Despite the competitive advantage of 
large reserves of high quality coal, South Africa may be compelled to shift towards importing 
gas & oil for power generation purposes. It will make SA dependent on imported energy 
resources and very exposed to currency fluctuations. 
 
 
1.3 RESEARCH PROBLEM 
The purpose for conducting research would be to answer a research question and for this study 
the question to be answered is: 
Is there an optimum climate change mitigation strategy for South Africa and how can 
the effect thereof be simulated on economic growth? 
The scenario building team (SBT) started the economic analysis directly from the energy 
modelling part of the study, i.e. the implications of various mitigation scenarios for the South 
African energy system were explored using the Market Allocation energy model “MARKAL.” 
Results from this model were then used to inform various policy shocks in an economy-wide 
model. Thus, the economic model is linked to the energy modelling in a ‘top-down’ fashion, 
using key outcome variables from the energy model to define ‘shocks’ for the economic model. 
 
 Given the complexity of scenarios it is necessary to employ a comprehensive economic 
framework that models interactions between a variety of economic agents, including productive 
sectors, factors of production (capital and labour), households, incorporated business 
enterprises, government and the rest of the world. Econometric models, while generally more 
suitable for making longer term predictions given their focus on trends in economic variables, 
are usually unable to deal with highly detailed interaction effects.  
 
SBT opts for a computable general equilibrium (CGE) model as the dependent variables are too 
disaggregated for an econometric model. CGE models are economy-wide models that take into 
account aspects of microeconomic behaviour of producers and households, while maintaining 
macroeconomic constraints fundamental to economic accounting systems. These models 
incorporate representations of all markets, including commodity markets, factor (labour) 
markets and international trade. CGE models are, however, not very suitable for predictions 
over long periods of time, given model complexity, and various restrictive assumptions 
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regarding rigidities in the structure of the economy and relationships between economic agents. 
Instead, these models are useful for showing how one state of the economy may differ from 
another state in terms of numerous economic variables as discussed in the LTMS Technical 
Appendix issued by Energy Research Centre (2007a). 
 
Despite the fact that the CGE model has some limitations as a forecasting model, it is widely 
used for micro economic modelling. The MARKAL energy model processes the ‘shocks’ from 
the energy modelling as input for the CGE. The question remains whether the results of 
MARKAL could be verified and substantiated? Can the results be used in an alternative 
measuring tool with better forecasting abilities? A research gap is identified in validating the 
MARKAL results, but it is most likely not available in the public domain. After the MARKAL 
results have been processed in the CGE model an optimal strategy known as the LTMS was 
compiled setting certain long term targets to 2050 in respect of nuclear, solar wind and other 
renewable energy as well as carbon taxes. 
 
The LTMS became input documentation for the Integrated Resource Plan that outlined the long 
term plan for electricity generation until 2030. After two extensive rounds of deliberation with 
the private sector and other Government departments, the policy adjusted IRP (IRP, 2010) was 
accepted. In 2012 the National Planning Commission published the National Development Plan 
(NDP) to 2030. The NDP has included the IRP2010 as the electricity plan for South Africa. 
 
This study aims to follow a process to develop a methodology or instrument that would enable 
the selection of an optimum portfolio of assets in energy supply or generation in South Africa.  
Primary and secondary research will be conducted to determine the technical parameters of the 
different energy generating assets. A number of mathematical equations will define the assets in 
a cost model. An optimization model is used to compile the portfolio of energy assets. The 
modern portfolio theory (also named portfolio optimization model) of H. Markowitz and refined 
by J. Treynor, M. Muller and W. Sharpe with all its assumptions (as quoted by Brummer & 
Rademeyer, 1982) will be used in the optimization. Finally, the impact of the portfolio of assets 
on the GDP would be analyzed. 
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1.4 SUB FOCI   (INTERMEDIATE VARIABLES) 
 Analyzing every sector and industry of the economy to determine the impact of mitigation 
strategies on GDP will be almost impossible. The Pareto principle (also known as the 80-20 
rule) states that, for many events, roughly 80% of the effects come from 20% of the causes 
(Investopedia, 2013). This rule is applied in search of the 20% variables, when affected by the 
mitigation strategy, will causes 80% of the impact on the economy. Some interest groups, such 
as businesses, industries or sectors, might face major structural changes as a result of the 
mitigation strategy. A policy decision, for example carbon tax, would be supported by 
renewable energy industries because they stand to gain from it and it would be opposed by the 
fossil fuel dependent industries. Among these different interest groups there are also the 
development finance institutions such as the World Bank, European Union and United Nations 
who are very interested in the sustainability of policies implemented by countries, as evident 
from the study by Kearney and Odusola (2011), assessing the development strategies of South 
Africa to achieve the Millennium Development Goals.  
 
To ensure proper understanding of the sub foci issues, they are isolated in a group called 
intermediate variables, which can be explained as measures or interest groups that are not 
totally independent variables such as the customer in the marketplace. Intermediate variables are 
forces of influence such as the labour unions, environmental groups and they are typically 
setting non-financial targets. The dependent variables (GDP drivers) are a selection of key 
economic indicators that reflect the activity in the economy in the most meaningful way. Many 
indicators are measuring different economic activities, for example interest rates, currency rates, 
unemployment rates, stock market indices, industry employment figures, car sales and many 
more. Which ones are the most meaningful? Some structural changes could be anticipated as a 
result of the mitigation strategy, will not affect all groups to the same extent. The most affected 
groups are the most vulnerable to the negative effect of the mitigation strategy. The 
vulnerability of interest groups and their reaction to the mitigation strategy can affect more 
people than could be foreseen. The following intermediate variables will be addressed during 
the study.  
 
1.4.1 Energy intensity 
In the 1970s and 1980s South Africa had a large surplus of electricity generation capacity. 
Policies to promote mineral beneficiation led to the establishment of many energy intensive 
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industries such as smelters and the Sasol coal-to-liquid (CTL) refineries. On a per capita basis, 
South Africa has one of the most energy-intensive economies in the world. Some bulk energy 
users have very favourable tariffs on long term contractual agreements. Energy intensity is 
a measurement of energy efficiency in the economy by calculating units of energy per unit 
of GDP at constant prices. Using constant prices eliminates the impact of inflation on the 
denominator. Higher energy intensity means a larger share of the GDP is consumed by energy-
intensive manufacturing industries, such as basic metals.  
 
A second measurement to control is the proportion of final relative to intermediate consumption 
of energy. In the Energy Balance for South Africa around 52% of total primary energy supply 
(TPES) is used by energy conversion plants to generate electricity, steam, heat or refine 
petroleum products. Only 48% of primary energy is used in final consumption.  
 
Electricity generated is seen as a secondary energy resource and when total electricity 
generation is converted and calculated it is around 15% of TPES. Still, electricity is also used in 
intermediate production and in final comsumption. As there is no clear  distinction between 
electricity used in intermediate production and final consumption therefore the third 
measurement to control in this intermediate variable is electricity as a proportion of TPES. 
 
1.4.2 The fuel mix 
The fuel mix is expressed as (CO2/ total energy in MJ) which is the amount of CO2 emission 
relative to the total amount of energy consumed. Fuel mix is relative stable and a function of the 
technologies selected in the portfolio of energy supply/generation assets. Substitution in fuel to 
reduce emissions is limited. Diesel and gas can be used in open cycle gas turbines. The boilers 
at some coal power stations can be adapted to accommodate 10% to 15% biomass in co-firing 
with coal. When renewables and cleaner resources are used to supply energy, CO2 emission is 
less and the value of the metric is reduced. South Africa has a competitive advantage in coal and 
the introduction of a carbon tax will increase the cost of coal as an energy source that could lead 
to fuel-switching. There are engineering and technology limitations to modifications to adapt, 
which could require replacing good workable equipment. Structural changes that make the 
country more dependent on imported gas, oil or other liquid fuels increase currency risk, is 
negative for the employment and inflation.  
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1.4.3 Labour market trends and population trends   
Shifts in the climate change regime will have a key impact on the already delicate balance that 
exists between health, livelihood and economic productivity (Midgley et al, 2007). Food and 
water security as well as the cost thereof are all factors that add to uncertainty in quantifying the 
impact of a structural change on communities. People in general and the labour market 
specifically are strong interest groups that look after their own interests. Their perceptions and 
expectations are powerful weapons that can make the mitigation strategy succeed or fail. There 
is much uncertainty in projecting the impact of population growth due to too many unknown 
variables such as urbanization, HIV, education and skills levels, travelling distances to work and 
types of transportation, unemployment due to structural changes in industries. Extreme events 
such as heat waves, flooding, droughts and increased occurrence of veldt fires with 
consequential higher mortality among the elderly and sick, damage to properties and loss of bio-
diversity will have a negative influence on population trends, labour markets and productivity.   
   
1.4.4 Monopolistic behaviour and vested interest in the energy sector  
Monopolistic behaviour in the energy sector will remain a hurdle for new entrants, even for 
renewable energy entrants. Government is the sole owner of the national electricity utility 
company Eskom, who has a sole supply agreement to the national grid and until recently, no co-
generation suppliers have been allowed to supply to the national grid. Liberation of the energy 
sector has been sluggish on the legal framework to appoint a regulator for independent power 
providers, delays in finalizing power purchase agreement guidelines for independent power 
providers and objections by Eskom on implementation of feed-in tariffs for renewable energy 
(see chapter 7, section 7.6 as well as chapter 4, section 4.5.5). With 230 million tonnes of CO2 
emission annually Eskom is responsible for around 60% of all CO2 emissions in South African. 
Government and Eskom will have to relinquish their monopolistic hold on the electricity market 
and separate power generation, transmission and distribution and to allow more private sector 
involvement or funding problems and power failures would develop that will harm economic 
growth. There is also a keen interest in the implementation of carbon tax to see how 
Government deals with their own company.  
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1.4.5 Global economy and currency markets 
The vulnerability of GDP was seen with the collapse of the financial sector in developed nations 
resulting in a worldwide economic recession. South Africa has a competitive advantage in coal. 
It can be argued that the use of the proposed carbon tax will increase the cost of coal as an 
energy source. This phenomenon is called fuel-switching and would make the country more 
dependent on imported gas, oil or other liquid fuel increases currency risk, is negative for the 
employment and inflation. Increased imports will influence the trade balance negatively and in 
the long run also foreign reserves and a depreciation of the currency. South Africa as a major 
coal exporter and a country that is almost entirely depending on coal-fired power should have 
been at the forefront in technology developments such as the new clean-coal technology and 
carbon capture and storage developments. Sasol announced on 3 May 2010 that it has purchased 
a 2.44% stake in the Technology Centre Mongstad, which is a $1-billion project under the 
directorship of the Norwegian State-owned entity for carbon capture and storage. Breakthroughs 
in coal technology should keep South Africa away from costly fuel switching strategies, earn 
valuable foreign currency and keep many semi-skilled workers employed. In planning the 
mitigation strategy the research team made certain assumptions regarding fuel switching and 
new supporting technologies that generated a need for many nuclear power stations. The cost of 
building these nuclear power stations would have increased the currency exposure dramatically. 
 
1.4.6 Clean Development Mechanism and sustainable development 
The World Bank initiative known as the (CDM) has been introduced to finance sustainable 
developments in developing countries with investments from developed countries (Brent, 
Heuberger and Manzini, 2005). He also stated that the CDM primarily presents a range of 
commercial opportunities and could indeed be an important source of foreign direct investment. 
How much will the CDM projects contribute to the GDP and economic growth in the short to 
medium term? However, there is already some opposition to the CDM, since heavy polluters in 
the northern hemisphere expressed the intent to relocate their smelters to sites in the developing 
countries, with abundant cheap electricity and liberal climate change policies. There is a need 
for a new mechanism to accommodate lessons learned and to prevent the abuse of the 
mechanism.   
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1.4.7 Forecasting GDP growth for South Africa to 2050 
GDP, income per capita and population are big drivers of energy use. As people become more 
affluent, their energy consumption patterns change. They may switch to more convenient fuels, 
such as electricity, and acquire appliances that demand more energy. As the demand for energy 
increases, the carbon footprint enlarges. Forecasting the GDP over long time horizons is 
difficult. GDP growth is almost always a single percentage figure and it will fluctuate between 
periods of positive and negative growth (recessions). Figure 1.3 shows the historical GDP and 
GDP growth rates for South Africa between 1993 and 2005.  
 
GDP projections are often politically biased as governments want to project continuously high 
GDP growth. South Africa is unique as parts of the country can be compared with developed 
nations’ characteristics while a large part of the country can be classified as a developing nation. 
Another factor that will distort the GDP projections for South Africa is the impact of HIV/AIDS 
on the GDP growth of the country. 
 
Figure 1.3:    South Africa’s historic GDP growth and GDP growth rates 
 
          
Source: Winkler, (2007: 26)     
 
 
1.5 RESEARCH OBJECTIVES 
 
There is high risk and large cost implications associated with these energy supply projects, 
therefore the primary objectives of the research are: 
1. Identify and quantify the key factors that have an influence on selection and compiling of 
a portfolio of energy generation assets.  
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2. Identify and quantify the key variables in the economy that have an influence on GDP. 
Analyse economic data from the previous thirty years to formulate the movement and 
influence of certain key economic indicators on the GDP.  
3. Lastly, to model the impact of several mitigation strategies (portfolio of energy assets) on 
the GDP by using the Monte Carlo simulation method and the modern portfolio theory 
model to quantify the influence of independent variables on the interdependent variables 
and their impact on the GDP. 
 
 
1.6 RESEARCH APPROACH  
The research approach is discussed in Chapter 4 (see Section 4.7) and a short summary is 
reviewed here. The research project will gather information on electricity plant and equipment, 
also on optimization models and on the South African economy. 
 
The research about electricity has the objective to develop an efficient portfolio of energy 
supply/generation assets. As the type of information required is mostly technical information, 
such as heat values, plant efficiencies, load factors, outage times, maintenance cycles etc, the 
approach would be to consult relevant literature in a literature study (secondary research). The 
information related to cost of equipment and feed stock (input resources) will be obtained in 
primary research to be conducted. The information obtained from the primary and secondary 
research will be the inputs to a portfolio optimization model and the result would be a portfolio 
with the most efficient allocation of selected energy assets.  
 
Based on the portfolio of energy assets designed by the portfolio optimization model, or any 
other portfolio that might be selected, there would be some changes in the economy, and 
eventually it will be reflected in the GDP of the country. Due to the large number of variables 
that have a direct or indirect economic impact on the GDP, it will react, but often not as 
expected.  
 
Conceptually, an economic system has many variables in the marketplace that influence the 
performances of the business organizations. To the extent that a company can manage the 
variables successfully, it will make profits and its valuation or share prices on the stock 
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exchange might increase. The process flow in a simplistic economic system is selected to 
develop the concept design for this study.  
 
In an economic system there are many interactive processes in the marketplace between 
suppliers and consumers, in the form of direct and indirect competition. All these activities are 
independent variables for the individual businesses, but the performance of the organizations 
(turnover, profit, dividends, etc) are dependent variables for their share price performance on the 
stock exchange. The financial performance of the company is reflected in the behaviour of its 
share price, which determines the ability of the company to raise finance, expand facilities, 
growth, and competitive position in the marketplace. There is a continuous feedback of 
information to the marketplace and it affects the behaviour towards the company as seen in 
Chapter 4 (Figure 4.1). 
 
To succeed in business the organizations will do research of the marketplace and determine how 
the independent variables such as competitors, customers, interest rates and others would affect 
their operations. From the research the management will design strategies to do successful 
business. The performance of the company in terms of turnover, profits, dividends, costs, and 
taxes are dependent variables for the share price (valuation) of the company. 
Chapter 4 (see Figure 4.2) shows the conceptual design for this study: 
1. The marketplace is a collection of independent variables such as competitors, suppliers, 
consumers, government, and environmental groups; it also includes economic variables 
such as inflation, exchange rates, tax, and NDP strategic plan to 2030, etc. 
2. Intermediate variables have been discussed in section 1.4 as interest groups with some 
common interest related to energy or emissions such as energy resource suppliers, 
energy intensive users, emission intensive business, renewables, and cost of energy, 
employment in energy sector, CO2 emissions and targets, ownership and other 
distortion in energy asset allocations. These variables are in the marketplace, but are not 
independent and influence decisions that affect the dependent variables and the 
performance of the economy.  
3. Dependent variables are a collection of mainly economic variables that would be 
influenced by changes in energy or emission related legislation such as carbon tax or 
emission targets, etc.  
4. Derivative is the GDP where the final result of any decision would be reflected, 
whether taken in the marketplace or in the intermediate variables.  
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In Chapter 4 (see Figure 4.2) the various analytical tools are also displayed. The approach 
known as “principal component analysis” is followed to study the South African economy. This 
is a mathematical procedure that transforms a number of possibly correlated variables into a 
smaller number of uncorrelated variables called principal components. The economic system is 
developed from Supply and Use tables of the South African economy. Correlated variables are 
identified from historic data analysis and building of some covariance matrices, converting it 
into a correlation matrix for each dependent variable. Standard deviation is the metric of 
significance of principal components.  
 
 
1.7 PORTFOLIO OPTIMIZATION MODEL 
The modern portfolio theory (MPT) was developed by Prof. Harry Markowitz of the University 
of Chicago, in 1952. In 1990, he shared a Nobel Prize with Merton Miller and William Sharpe 
who refined it into the Capital Asset Pricing Model CAPM. To construct a portfolio, investors 
must evaluate the correlation between asset classes as well as the risk/return characteristics of 
each asset, expressed as “covariances”.  According to Brummer and Rademeyer (1982), CAPM 
considers a more simplified world by using the market portfolio” because covariance 
relationships were very difficult to quantify and forecast. CAPM decomposes a portfolio's risk 
into systematic and specific risk.  
Systematic risk is the risk of holding the market portfolio. 
Specific risk is the risk that is unique to an individual asset. It represents the component 
of an asset's return, which is uncorrelated with general market moves.  
A portfolio manager identifies those securities that offered the best opportunities for gain with 
the least risk and then construct a portfolio from these. He calculates the expected return and 
volatility of the constructed portfolio and use volatility and expected return as proxies for risk 
and reward. Portfolio risk therefore, includes the random fluctuations of individual portfolio 
components, which have a wide variety of historic causes. Awerbuch (2003) has converted the 
CAPM to a model for allocation of energy assets.  
 
Portfolio theory was initially conceived in the context of financial portfolios, but work published 
by Dr. Shimon Awerbuch (2003) in the field of portfolio optimization with regards to energy 
generation is utilized in this study. Awerbuch evaluated the perception that the finance-oriented 
portfolio analyses and optimization theory may offer valuable enhancements to energy planning, 
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and the concepts of energy security and diversity. More precisely, the relevant portfolio measure 
for valuing energy generating options is how a particular option affects the generating costs of 
the portfolio of resource options, relative to how it affects the risk of that portfolio. He 
concluded that the combination of better portfolio construction and more accurate pricing leads 
to better decisions in the energy supply. The discussion of the portfolio effect and calculating the 
efficient frontier is available in Chapter 4 (see Section 4.14). 
 
 
1.8 RESEARCH METHODOLOGY 
The research paradigm will be predictive research as discussed in Chapter 4 (see Section 4.8), 
This type of research tries to extrapolate from the analysis of existing phenomena, policies, or 
other entities in order to predict something that has not been tried, tested, or proposed before. 
Predictive research asks questions such as how, or how well something might work, or what the 
impact of something might be. After establishing the paradigm, the methodology can be 
developed.  
 
The first action is to conduct a literature study of the energy sector and the South African 
economy to grasp the wider context of the study before the questionnaire for the primary 
research is compiled. This secondary research is conducted to identify the dependent variables 
and to review the most recent research on the selected variables. The data is collected from 
literature studies, publications, and research papers published by many research bodies that have 
been publishing on climate change related topics. Published information regarding the economy 
such as the budget speech of the Minister of Finance, economic forecasts and reviews published 
by leading economists. Most of the top 100 listed companies on the JSE are now participating in 
the Carbon Disclosure project to report their carbon emission activities. This help to obtain a 
sufficient understanding of the dependent variables.  
 
The research approach selected for the primary research is positivism. The positivist 
epistemology sees science as the way to get truth and understand the world well enough to 
predict and control it (Krauss, 2005). Positivism, also known as functionalism, places emphasis 
on the scientific method to study the social world in the same ways as one would study the 
physical world.  
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The functionalist’s perspective is that the scientific method can be applied in the objective 
social world to research and understand it in a more structured way, like the physical world. 
They also believe that one can compare a society with a living organism, as both the society and 
an organism have interdependent working parts (organs) and systems that must function 
together for a common good, in order for the greater body to function. 
 
A quantitative study is selected for the research process to align with the paradigm and the 
functionalism approach of scientific method to study the social world. As the results from the 
study need to be loaded to the measuring instrument to perform and apply predictions and 
further processes, the results had to be quantitative data. All the questions are designed to be 
multiple choice questions to allow their results as numeric input data in the measuring 
instrument.  
 
Primary research is conducted through the method of an electronic questionnaire completed by 
economists, energy consultants, and business executives of energy companies, energy research 
specialists and senior government officials related to energy and sustainability. For the 
measuring instrument there is a clear distinction in the data requirement, firstly, the technical 
and physical science data obtained through secondary research about the characteristics of the 
types of fuel and the performance of energy assets, and secondly, social science data is dealing 
with human behaviour, decisions, forecasts, and preferences obtained through primary research. 
The questionnaire mostly focussed on the predictions and views of the respondents regarding 
future demand, supply and prices of independent and intermediate variables.  
 
 
1.9 RESEARCH DESIGN 
Research design embodies the master plan that needs to clarify questions like: who, when, 
where and how. Using a simple signal-to-noise ratio metaphor, the selected research design 
must enhance the signal strength and suppress noise, where the signal represents the variable to 
be measured and the noise consists of random factors that make it difficult to observe the signal.  
 
It is important to remember that the primary research results and the secondary research results 
together become the input data for the measuring instrument, to perform portfolio allocations 
and scenario testing. The research design focuses on the primary research process for the 
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collection and processing of predictive data, where the results as well as information from the 
literature study form part of input for measuring instrument.  
 
A list of 300 individuals was identified as potential respondents. The list included economists, 
energy consultants, and business executives of energy companies, energy research specialists, 
and senior government officials related to energy and sustainability. There are questions to 
specify their knowledge levels and whether their knowledge was obtained through research or 
as a result of present or past employment. There are 50 questions that addressed issues 
identified for further research. 
 
The questions are developed after the literature study and approval is obtained from the 
academic authorities at Nelson Mandela Metropolitan University. The questionnaire is created 
and published on Google Drive where it could be completed online and submitted to be received 
on a password-secured database. The published questionnaire could only be completed by 
invited respondents that received the hyperlink to the document on Google Drive. The 
questionnaire is not searchable by search engines on the internet (world-wide-web).  
 
There are five objectives with the questionnaire to be used for the primary research:  
1. To finalise the key model assumptions for the measuring instrument, such as exchange 
rates, prices of fuel, coal, oil, natural gas, nuclear and biomass, etc. 
2. To calculate forecast GDP growth rates for South Africa as well as forecasted demand for 
liquid fuel and electricity. 
3. To explore the sentiment towards various climate change mitigation options. 
4. To measure employment expectations from investments in the “green economy.” 
5. To obtain opinions on what the impact of climate change mitigation on GDP growth rates. 
 
The Delphi technique is used as the research tool. Delphi is a structured technique developed as 
an interactive forecasting method which relies on a panel of experts to answer questionnaires in 
two or more rounds. After each round, the researcher provides an anonymous summary of the 
experts’ responses from the previous round. The experts are encouraged to revise their earlier 
answers in light of the replies of other members of their panel. Delphi is based on the principle 
that forecasts (or decisions) from a structured group of individuals are more accurate than those 
from unstructured groups (Skulmoski, Hartman & Krahn, 2007). 
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Since expert opinion is sought, a purposeful sample is necessary where people are selected not 
to represent the general population, but rather for their expert ability to answer the research 
questions, is the opinion of Fink and Kosecoff (1985). Where the group is homogeneous, a 
smaller sample of between ten to fifteen experts may yield sufficient results. While a three 
round Delphi is typical, some Delphi studies have been completed after a single or double 
round. Potential sample size is positively related to the number of experts. The target group of 
respondents for the primary research are energy experts, consultants, and managers in the 
energy sector, business leaders directly involved in energy related industries such as liquid 
fuels, electricity and renewable energy. Other respondents are economists, research specialists 
in energy from Universities, development finance institutions, utilities such as Eskom and 
government departments involved with energy, technology, planning, finance and labour.  
 
 
1.10 CONTRIBUTION OF THE STUDY 
There is an urgent need to reduce CO2 emission and South Africa has not been at the forefront 
to assume a leadership role in Africa. However, since the LTMS reports on the mitigation 
scenarios the urgency and importance of implementation a CO2 emission mitigation strategy for 
the country has gained momentum. A large number of wind and solar projects are approved and 
under construction. Worldwide many new concepts, instruments, incentives, and derivatives are 
developed for mitigation. The study has put much effort into identifying these future new 
technologies in their early commercialization stages or other that are almost “market ready.”  
 
This research project was initiated by a view that was not in support of the LTMS proposed 
strategies and a challenge from the NMMU Business School to conduct the study and provide 
an alternative to LTMS scenarios. As markets evolve, LTMS was dissolved and many of the 
proposed strategies re-appeared in IRP 2010. After two rounds of deliberation the policy 
adjusted IRP was agreed and promulgated as the integrated resource plan for South Africa to 
2030, but it only addresses electricity. The IRP2010 has subsequently been incorporated in the 
National Development Plan (NDP). The study was in progress and has not made any 
contribution to date. The following are areas where the study sees potential to make a 
contribution:  
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1. Since the time of LTMS the forecast for electricity demand to 2030 seems too high and 
needs to be revised lower. The study concluded that several indicators in the model 
such as energy intensity points to over supply of electricity under the NDP portfolio.  
2. The study found that South Africa will have difficulty to implement the total NDP and 
commission it before 2030 due to capital and skills’ limitations. From gross capital 
formation it appears achievable to implement of 390TWh if the economy could 
maintain 2.5% to 3% real GDP growth rate, but it will require a constant 15% 
allocation of gross fixed capital to electricity for new build and maintenance. 
Furthermore it will occupy around 30% capacity of the construction industry for the 
total period. 
3. The study made it possible to compare electricity, liquid fuel, and renewables 
seamlessly in the same model, to get a clearer picture of the total energy sector and not 
the typical fragmented view of only coal, oil or renewables.  
4. In the liquid fuel industry the study could see that the private sector control the industry 
and the plans from Government to expand into the liquid fuel market with a large new 
oil refinery as the liquid fuel industry is also operating near full capacity. The 
expansions in the liquid fuel industry could be around 45% of the amounts required on 
electricity. 
5. Besides energy projects there are major plans for rail and roads and schools, and of 
course, the local businesses also need to expand capacity. The demand for capital is too 
big to tie up capital resources in surplus electricity infrastructure.  
6. The study wanted to provide evidence that it is possible to compile a more efficient 
energy portfolio than the IRP2010, from a cost and emission perspective.  
7. The study purposefully included assets that are in an early commercialization stage or 
demo-plant stage, such as second generation wind turbines, ocean energy, and small 
nuclear, for two reasons namely, if South Africa wants to get involved in 
manufacturing of energy plant it will be a disaster to compete with existing market 
leaders in solar PV or wind turbine manufacturers, whereas South Africa was a world 
leader in small nuclear, or could become a world supplier of ocean energy plant. Unless 
the cost structure change or there is major technology advancement in solar CSP, it will 
only be able to compete as a peaking solution and that is not really the market for 
South Africa to dominate as it will compete with natural gas. 
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The results of the study could be considered by decision makers to reconsider the NDP climate 
change mitigation strategy, as it is having an expensive energy plan without a finance plan. The 
same results in terms of emission reductions might be possible in a more cost efficient portfolio. 
Ultimately, the climate strategy must guard against having too many objectives.  
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INTERNATIONAL TRENDS IN CLIMATE CHANGE MITIGATION AND 
ABATEMENT MEASURES 
 
CHAPTER 2 
 
2.1 INTRODUCTION 
There is a parallel between the level of common threat or objective and the level of engagement 
by all parties involved, to address the threat. In fox-hunting all the dogs are so overcome with 
excitement that they sometimes bite each other until the fox is found, then all the dogs focus on 
the fox and hunt together. 
 
People also need to work together and often it requires a serious threat to their existence to make 
people realize that it can only be overcome by working together. Despite some people still 
doubting the existence of the greenhouse effect and climate change, it is fast becoming a reality 
to most. In this chapter the first part will reflect on the implementation of mechanisms by the 
international community after the realization of climate change as a threat to the long term 
sustainability of the world. As the body of knowledge is expanding there is a need to develop 
sustainable funding mechanisms. The second part of this chapter endeavours to summarize the 
abatement options and the latest trends in the abatement options. 
 
 
 
2.2 ESTABLISHING A KNOWLEDGE BASE ON CLIMATE CHANGE RESEARCH 
The year 1972 stands as a watershed in modern environmentalism. The first international 
conference on the environment — the United Nations Conference on the Human Environment 
— was convened in Stockholm, bringing together 113 nations and other stakeholders to discuss 
issues of common concern. Many research projects on climate change have been conducted in 
the past four decades and most have been done for United Nations Environmental Programme or 
other United Nations related organizations.  
 
In order to consolidate the research efforts the United Nations Framework Convention on 
Climate Change (UNFCCC) was established. Since 1988 scientists, countries and governments 
are represented in the Intergovernmental Panel on Climate Change (IPCC, 2006) and its progress 
is reported at Conference of the Parties (COP) conferences. Technical Papers are produced at the 
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request of the Subsidiary Body for Scientific and Technological Advice (SBSTA) of COP for the 
UNFCCC and IPCC.  
 
The United Nations Environment Programme and the World Meteorological Organization 
(WMO) set up the IPCC, which brings together more than 2 000 scientists and government 
representatives’ to assess the risk posed by human-induced changes in the climate. The IPCC 
does not itself conduct any research, nor does it monitor climate data. This organization is tasked 
to assess the latest scientific, technical, and socio-economic literature on understanding the risk 
of climate change; it’s observed and projected impacts, and options for adaptation and 
mitigation. In November 2007 it released its Fourth Assessment Report, comprising of four 
sections: The Physical Science Basis, by Working Group I; Impacts, Adaptation and 
Vulnerability, by Working Group II; Mitigation of Climate Change, by Working Group III; and 
an overall Synthesis Report. It took six years to complete the report, which runs in to several 
thousand pages (Kirby, 2008). For this and its work over the last 20 years the IPCC was the joint 
winner of the 2007 Nobel Peace Prize. The IPCC fourth assessment on climate change in 2007 
identified the vulnerability and impact and need for adaptation (IPCC, 2007). The current 
research for IPCC is focussed on the impact of climate change on water, food, human health and 
eco systems. 
 
Besides the research conducted for the United Nations affiliated agencies, many countries and 
other research organizations, universities and business corporations are currently publishing 
research that expands the knowledge base relating to climate change, vulnerable regions, energy 
efficiency and renewable energy. One of the more prominent research reports was the Stern 
report 2006 prepared for the British Government. This independent review was commissioned 
by the Chancellor of the Exchequer, reporting to both the Chancellor and to the Prime Minister, 
as a contribution to assessing the evidence and building understanding of the economics of 
climate change. It has an international perspective as climate change is global in its causes and 
consequences, and international collective action will be critical in driving an effective, efficient 
and equitable response on the scale required (Stern Review, 2006). 
 
In 2008 a United Nations Environment Programme publication was written and produced by 
GRID-Arendal, at the request of the UN Environment Management Group, to summarize the 
knowledge base, under the title “Kick the habit, a UN guide to CLIMATE NEUTRALITY.” 
Written in easy to understand language, but based on the most up-to-date science and policy, it is 
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a guide for governments, organizations small and large, businesses and individuals who want to 
embark on the path to climate neutrality (Kirby, 2008). The next section of this study will often 
utilise information from this publication as it obtains substantial information on the current state 
of the knowledge base.  
 
 
2.3 GREENHOUSE GASES 
2.3.1 Greenhouse effect 
Kirby (2008) also explains that some greenhouse gases occur naturally, while others result from 
human activity in industry, transport, agriculture, organic and solid waste combustion. It is not 
just carbon dioxide, CO2, that is driving climate change, but it makes up almost 80% of the 
climate gases (including contributions from changes in land use) emitted by human activities. 
CO2 is the most abundant greenhouse gas emitted into the atmosphere, but it is not the only one. 
The international climate change treaty, the Kyoto Protocol, limits the emissions of six main 
GHGs produced by human activities. The gases are carbon dioxide (CO2), methane (CH4), 
nitrous oxide (N2O), hydro fluorocarbons (HFC), perfluorocarbons (PFC), and sulphur 
hexafluoride (SF6).  
  
Greenhouse gases in the atmosphere around the Earth act like a glass of the greenhouse chamber. 
The greenhouse effect is an important mechanism of temperature regulation of the earth. The sun 
is a major source of natural energy that is transported by way of radiation. The earth absorbs 
some of the energy, but also returns some energy received from the sun to space by reflecting 
light and emitting heat. Part of the out-going heat flow is absorbed by GHG and re-irradiated 
back to the earth. GHG varies considerably in amounts emitted, but also in their warming effect 
and in the length of time they remain in the atmosphere as active warming agents. The heating of 
the atmosphere due to absorption of infra-red radiations by CO2 and other gases is called the 
greenhouse effect and is graphically explained in Figure 2.1 below. As the volume of trapped 
infra-red radiation increases, the temperature in the atmosphere rises, explains Kirby (2008) in 
the cited publication.  
 
The following information from Tutorvista.com explains that each greenhouse gas differs in its 
ability to absorb heat in the atmosphere. HFC's and PFC's are the maximum heat absorbent's. 
Methane traps over 21 times more heat per molecule than CO2. Nitrous oxide absorbs 270 times 
more heat per molecule than carbon dioxide.  
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Figure 2.1: The greenhouse effect 
 
Source: Tutorvista.com (2010: 1)  
 
Further only long-lived gases have the potential for affecting the global environment. This effect 
arises principally because the concentrations of long-lived gases are the result of many years of 
accumulated emissions. The mean atmospheric life time of CH4 is about eight years. The mean 
lifetime of N2O in the atmosphere is about 150 years. CO2 is chemically inert and is not 
destroyed by photochemical or chemical processes in the atmosphere. It is either lost by transfer 
into the ocean or biosphere, or it builds up in the atmosphere as explained on the website 
(Tutorvista.com, 2010). 
 
2.3.2 Global warming 
While the greenhouse gases enable life to exist, problems arise when the atmospheric 
concentrations of these gases increase. Since the beginning of the industrial revolution 
atmospheric concentration of carbon dioxide has increased nearly by 30%. Methane 
concentration has increased by more than 100% and nitrous oxide by about 15%. These 
increases have enhanced the heat trapping capability of the Earth's atmosphere. In this industrial 
age, excessive burning of fossil fuels have released enormous amount of CO2 in atmosphere, 
which plants and ocean waters cannot remove. Thus, concentration of CO2 in the atmosphere is 
steadily rising and increasing the greenhouse effect or global warming as displayed in Figure 2.2 
(Tutorvista.com, 2010).. Shrinking glaciers in the polar areas can confirm the rise in global 
temperatures. 
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Figure 2.2:    Global temperature changes (1880 – 2000) 
 
 
Source: Tutorvista.com (2010: 1) 
 
In the UNEP publication “Kick the habit” Kirby (2008) summarises the projections of the 
scientists regarding the consequences due to global warming: 
1. Globally sea levels have risen 4-8 inches over the last century. The high temperatures 
have already started melting polar ice caps, sea icebergs and glaciers. The level of the sea 
is likely to rise by several inches this century that would lead to vast coastal flooding of 
low-lying coastal countries, e.g., Denmark, Bangladesh. It would also cause the 
conversion of fresh water habitats and eco-systems into saltwater areas endangering 
vegetation, crops, animals and water supply along the coast. 
2. Local climate conditions are likely to change depending on the modifications of local 
rainfall patterns. The quality and quantity of drinking water, water availability for 
irrigation, industrial use, electricity generation and the health of fish may be significantly 
affected by changes in precipitation and increased evaporation. 
3. In some areas soil moisture is likely to drop, affecting crops and the need for irrigation. 
The high temperature may reduce crop production, thereby causing famines. Extreme 
high rainfall in other areas is also predicted. Tropical rains and hurricanes will be more 
frequent and stronger. Increased rainfall may cause more frequent flooding. Climate 
change would likely add stress to major river basins worldwide. 
4. Heat stress occurs in warmer temperatures with higher humidity conditions and young, 
old and poor people are more susceptible to it. High temperatures will reduce work 
efficiency of human beings. Air pollution resulting from global warming, contaminate 
food and water supplies and will all affect human health. Changing patterns of 
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precipitation and temperature may produce new breeding sites for pests, shifting the 
range of infectious diseases. 
5. Many of the natural habitats and ecosystems depend on a delicate balance of rainfall, 
temperature and soil type. A complex food chain supply exists based on these factors. 
Higher temperatures and precipitation changes are likely to cause diverse changes such 
as increased forest susceptibility to fire, disease and insect damages, deserts may expand 
into existing grass lands. Similarly, changes in ocean temperature will adversely affect 
the marine life. If future changes occur as rapidly as some scientists predict, plants, 
animals and marine life may not be able to adapt quickly enough to survive. 
 
2.3.3 Sources of greenhouse gases 
Though these processes occur naturally, human activities have significantly increased the 
presence of GHG in the atmosphere. Which human activities are the obvious ways of emitting 
GHG into the atmosphere? Here are some of the really glaring ones. 
 
Figure 2.3:   Greenhouse-gas emissions in 2000, by source 
 
Source: Stern Review (2010: iv) 
  
Information on the contribution by these sectors is also obtained from the UNEP publication 
“Kick the habit” which provides an overview of the research in the knowledge base regarding 
GHG emissions. The contribution of each sector is separated into its contribution to the six 
identified greenhouse gases. All the contributions to the six identified greenhouse gases from all 
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the sectors are combined and graphically displayed in Figure 2.4 below (Kirby, 2008). Six of the 
dominant sectors in GHG emissions are briefly discussed. 
 
2.3.3.1 Energy (power generation) 
GHG emissions come predominant from energy generation, in particular from fossil fuels such 
as oil, gas and coal, mainly used to generate electricity. In 2004 nearly 43% of the electricity 
produced in the world came from coal. Coal, particularly brown coal, is the energy source with 
the highest GHG emissions per energy unit. Burning coal generates 70% more CO2 than natural 
gas for every unit of energy. Coal is cheap and is the most widely available fossil fuel. 
According to the World Coal Institute, it is present in almost every country, with commercial 
mining in over 50 countries. It is also the fossil fuel with the longest predicted availability. At 
current production levels coal will be available for at least 155 more years (compared with 41 
years for oil and 65 for gas).  
 
2.3.3.2 Transportation 
Personal and commercial transport consumes about 20% of the global energy supply, 80% of 
which comes from fossil fuels. Globally, the energy used by road transport is accounting for 
70% to 80% of transport-related emissions. Road transport saw an emissions increase of 46.5% 
between 1987 and 2004. New cars are becoming more and more efficient, but this trend is 
counterbalanced with more miles driven and there are more vehicles on the road. According to 
the World Resources Institute global vehicle production increased about 14% between 1999 and 
2005. Air travel is also expanding fast. The miles flown rose by 80% between 1990 and 2003. 
Shipping emitted around 800 million tonnes of CO2 in 2007, which amounts to almost 3% of 
global emissions.  
   
2.3.3.3 Production and consumption 
Since 1987 the Earth’s population has grown by almost 30%, and global economic output has 
risen by 76%. Just about everything needs energy to be produced. The global primary energy 
supply (mostly supplied by fossil fuels) increased by 4% annually from 1987 to 2004. Demand 
for energy is predicted to continue to grow by at least 50% by 2030, as the fast-developing 
countries like Brazil, Russia, India and China continue their rapid economic growth. Almost 
everything produced and consumed today adds to GHG emissions, because the use of much 
renewable energy is still limited. Much of what is in use may arrive with superfluous packaging, 
itself a problem to dispose of, and a waste of energy and a source of emissions. And much of 
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what is bought ends up being thrown away sooner or later. Waste rots away, emitting methane if 
it is organic, or emitting CO2 if it is burned.  
 
2.3.3.4 Buildings 
Buildings are responsible for more than 40% of energy use in OECD countries and at a global 
level they account for about 30% of GHG emissions according to UNEP’s Sustainable Building 
and Construction Initiative. Heating, cooling and lighting of homes and consumption by 
household appliances absorbs 1% of global energy. Yet the average UK household could save 
around two tonnes of CO2 annually by making its home energy-efficient; in essence, improve 
insulation, heating systems and lighting. The World Business Council for Sustainable 
Development’s Energy Efficiency in Buildings (EEB) project concludes that by cutting energy 
use in buildings by about 30%, Europe’s energy consumption would fall by 11%, more than half 
of the 20-20-20 target (20% less carbon dioxide by 2020, with 20% renewables in the energy 
mix). Energy efficiency saves money.  
 
Construction in itself affects GHG emissions. Cement for example is a high-emission 
construction material, whereas wood is renewable and thus climate-friendly. The cement 
industry contributes about 5% to global anthropogenic CO2 emissions. Whereas concrete can be 
recycled by crushing it and using it to replace gravel in road construction, cement has no viable 
recycling potential; each new road and building needs new cement. In booming economies from 
Asia to Eastern Europe new construction are both a driver and a consequence of increasing 
wealth, which is also why about 80% of all cement is made and used in emerging economies.    
 
2.3.3.5 Land use 
Another important part of the CO2 in the atmosphere comes from changes in land use, 
responsible for almost 20% of atmospheric carbon. Trees and other plants remove carbon from 
the atmosphere in the process of growing. When they decay or are burnt, much of this stored 
carbon escapes back into the atmosphere. Deforestation also causes the release of the carbon 
stored in the soil (as does ploughing), and if no one restores the forest afterwards the land will 
store much less CO2. Increasing numbers of livestock in modern energy intensive farming 
systems are given high-energy feed like soya, often produced in developing countries (and often 
used in developed ones). To find the land to grow the ranchers will sometimes turn forests to 
pasture. The production of food has direct consequences for the climate. A report by the UN’s 
Food and Agriculture Organization found that, globally, livestock accounts for 18% of GHG 
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emissions (37% of human-related global methane and 65% of global nitrous oxide emissions), a 
figure that includes deforestation to clear land for animals, and associated emissions. Agriculture 
is only one of the reasons for deforestation. Activities that result in land disturbance such as 
opencast mining or the building of cities are other pressures on virgin forests. Destruction of 
wetlands and peat bogs also destroys carbon sinks. 
 
2.3.3.6 Agriculture 
Agriculture is an important contributor to climate change with GHG emissions comparable in 
volume to the transport sector. First, there is the carbon emitted from tilling and deforestation. 
Then there is the use of fossil fuels in fertiliser production and other agricultural chemicals, for 
farm machinery in intensive agriculture, and for transporting animals and crops from farm to 
market. The main GHGs emitted in agriculture are methane and nitrous oxide, which underlines 
the need to become climate and not just carbon neutral. This is mainly due to meat production. 
Cattle, water buffalo, sheep and other ruminants are animals with a special stomach that allows 
them to digest tough plant material. Digestion produces methane, which the animals get rid of by 
releasing it at either end. Nitrous oxide release is mostly linked to the use of artificial nitrate 
fertilizers to improve yields. Nitrogen fertilizer in particular is extremely fossil fuel-intensive, 
requiring 1.5 tonnes of oil equivalents to make 1 tonne of fertilizer. 
 
The sectors above, as identified in the Stern review report and displayed in Figure 2.3, are the 
main contributors of GHG emissions. A study by Kirby (2008), Kick the habit, an UN guide to 
climate neutrality, succeeded in separating the contributions of carbon dioxide, methane and 
nitrous oxide for each of the selected sectors. Figure 2.4 displays how different sectors, 
worldwide, contribute carbon dioxide, methane and nitrous oxide in their greenhouse gas 
emissions. 
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Figure 2.4:     World Greenhouse gas emissions by sector 
 
Source: Kirby (2008: 44) 
 
51 
 
 
2.4 DEVELOPMENT OF FUNDING MECHANISMS  
To move from creating sensitivity for the environment towards implementation of sustainable 
climate change abatement measures requires mobilization of large amounts of funding and there 
must be economic justification for countries and corporations to participate. There needs to be 
continuous research and development on the phenomenon of climate change as well as on the 
measure of, goods and services required to enhance sustainability. Historic emissions are 
responsible for the current greenhouse effect. Conflicts due to blame-shifting for benefitting 
from previous pollution policies or accusations of insufficient environmental management are 
challenges in obtaining support and funding for climate change programmes. The cost and 
economic impact of mitigation policies are stumbling blocks in obtaining the support of the 
industrialised countries that are responsible for most of the emissions. 
 
2.4.1 Legal framework as pre-condition 
The Ethical Investing, The Green Guide 2010/11 aims to explore ways in which investors and 
governments can most effectively engage in the global effort to address climate change. The 
investment volumes required to avoid the catastrophic impact of climate change are substantial 
and success will largely depend on the successful mobilization of both the public and private 
sectors. Most of the following aspects of funding climate change are obtained from The Green 
Guide (2009). Government’s policies must enable clean energy businesses and investors to 
implement funding mechanisms. 
 
China is increasingly recognizing that new energy industries will be crucial to helping its 
transition from the current reliance on coal and oil to cleaner, more efficient technologies. Their 
position at the forefront of the clean energy market, namely solar PV panels, wind turbines, 
high-speed rail, ultra-high voltage transmission lines, and electric vehicles, among others, is the 
result of a coordinated national effort by the Chinese government who passed a Renewable 
Energy Law that requires power companies to generate a certain amount of their electricity from 
renewable sources and helps pay for domestic feed-in tariffs for wind and biomass power 
generation. The Chinese government policies are creating thousands of good jobs as well as tax 
revenue, export sales, and pride in helping shape a prosperous, sustainable future and it enables 
investors and businesses to utilise and develop funding mechanisms. 
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In contrast, countries where the efforts to amend national legislation towards renewable energy 
are blocked by monopolies and the vested interest of lobby groups such as fossil fuel industry,  
programmes to encourage a sustainable future are viewed with suspicion. Investors remain 
hesitant and as a result, clean energy companies are falling further behind their global 
competitors and improvements to technologies such as wind and solar energy are delayed or not 
implemented at the expense of employment and economic growth. 
 
2.4.2 Carbon credits and carbon offsets 
During the early 1990’s, slightly before the Kyoto protocol, the EU started formulating plans to 
combat CO2 emissions within the EU region. In the efforts to reduce, control, and eliminate 
harmful emissions, each member state of the EU receives an annual emission allocation that is 
then divided between its worst emissions-producing companies. These companies are then 
legally obliged to comply with their set emission targets. If a company comes in under its set 
target, it can sell its excess as “carbon credits” allowance to other companies that have overshot 
their targets. One Carbon Credit equal to one ton of CO2. If a company exceeds its permitted 
levels, it has to pay a penalty and purchase credits to make up the difference. Governments 
started to regulate their country’s emissions, and as more companies start to limit their 
emissions, either voluntarily or by legal requirement. In the EU the carbon credits are controlled 
by the European Union Emissions Trading System EU-ETS and the carbon credits became 
known as “carbon permits” or EUAs (EU allowances). 
 
The UNFCCC was formed in 1992 and in 1997 during its meeting in Japan the Kyoto agreement 
was signed, requiring that each country that produces CO2 above set targets must reduce the 
level of its emissions. The Kyoto agreement acknowledged that there were countries that 
produce more CO2 than what they could absorb and they would have to purchase ‘absorption 
ability’ from another nation. This was the birth of the “carbon credit” currency. One carbon 
credit is equal to one metric ton of CO2 and is called CO2-e as it includes the six identified 
harmful gases. Under the Kyoto agreement the carbon credits are known as ”carbon offsets” or 
CERs (Certified Emission Reductions) and fall under control of the Clean Development 
Mechanism. A carbon offset is issued every time a CDM registered project prevents one ton of 
CO2-e being emitted. The ultimate objective for issuing CERs is to help developed countries to 
meet their emission targets at affordable costs by investing in environmental projects in 
developing nations. Carbon credit is the generic name for carbon permits (EUAs) and carbon 
offsets (CERs). 
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2.4.3 Carbon neutrality 
Tree-planting or other processes that can absorb CO2, such as sequestration and/or changing 
farming methods are considered as carbon sinks. Through carbon credits there are opportunities 
for utilities and corporations to invest directly in carbon sink projects. Forestation is particularly 
relevant to the activity of CO2 offsetting because, as they grow, trees and plants physically 
remove carbon dioxide from the atmosphere with excess carbon stored as a biomass. About 50% 
of dry matter is carbon. In return, trees and plants release oxygen during the process of 
“respiration.” A forest that is growing (i.e. increasing in biomass) will always absorb more 
carbon than it releases. What this means in practice is that “new” replanting and reforestation 
projects will take on greater importance as “offsetting” tools for reducing carbon (The Green 
Guide, 2009).  
 
The amount of CO2  produced by an individual, family or company is called a “Carbon 
footprint” and the number of carbon offset credits required to neutralise a carbon footprint 
depend on its size - the bigger the footprint, the more credits are required to offset it. 
Offsetting one’s entire footprint is known as becoming “carbon neutral.” Carbon Offset credits is 
fast becoming a very popular product in today’s society that become increasingly aware of the 
dangers of climate change. Companies are also publicly reducing their carbon emissions and 
offsetting the rest, as they are acutely aware of the business advantages of becoming carbon 
neutral. Indeed, consumers are already far more likely to purchase goods or services from a 
company that can claim a “low carbon footprint.” 
 
2.4.4 Clean Development Mechanism (CDM) 
Under the CDM, a developed country can ‘sponsor’ a greenhouse gas reduction project in a 
developing country where the cost of greenhouse gas reduction project activities is usually much 
lower, but the atmospheric effect is globally equivalent (UNFCCC, 2012). The developed 
country would be given credits for meeting its emission reduction targets, while the developing 
country would receive the capital investment, employment opportunities and clean technology or 
beneficial change in land use.  
The CDM has huge potential in terms of allowing developing countries to earn credits for their 
emission reduction projects and to sell these credits to industrialized countries. Yannick 
Glemarec of the United Nations Development Programme in June 2010 refers to a World Bank 
study on the potential for CDM in Africa concluded that 170 GW of additional power-generation 
capacity could be created in sub-Saharan Africa through low-carbon projects eligible for CDM. 
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However, the analysis of the existing CDM pipeline reveals that only a limited number of 
countries are benefiting. Just five countries, namely China, India, Brazil, South Korea, and 
Mexico are expected to generate over 80% of CDM credits by 2012, and there is strong concern 
that this mechanism could entirely bypass Africa says Glemarec (2010). Due to a resistance to 
CDM projects and the financial crisis in Europe the growth in CERs has been slower than 
expected and the prices for carbon reduction unattractive.  
Some measures were implemented to simulate participation in the CDM such as changes to the 
procedures and methodologies to include new grid-connected fossil fuel-fired power plants using 
less greenhouse gas-intensive technologies and adapting Programme of Activities (PoA) 
approach. Under PoA, an unlimited number of component project activities across a country or 
region can be registered under a single administrative umbrella (programme). The use of PoA’s 
contributes greatly to scaling up and extending the reach of the CDM, especially in under 
represented regions where the change increases the attractiveness of smaller projects, such as 
those installing efficient cook stoves, solar water heaters, biogas digesters and other  small-size 
renewable energy generating systems.  
The CDM continued to grow with the number of registered project activities reaching 4 601 in 
78 countries by the end of the 2012 reporting period. In early September 2012, the number of 
certified emission reductions (CERs) issued passed the significant milestone of one billion CERs 
(see Figure 2.5).  
 
Figure 2.5: Projects registered and under development and certified emission reductions 
issued, 2004–2012  
 
Source: UNFCCC (2012: 4) 
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Some 3 275 further projects are undergoing validation, a step prior to submission to the Board 
for registration. By February 2013, the CDM has registered more than 100 PoA’s. More than 
25% of all registered PoA’s are located in Africa, compared to just 2% of regular CDM projects. 
"The recent growth in numbers shows that PoA’s are extending the benefits of the CDM to 
regions not previously able to take advantage of the mechanism” (Esi.Africa.com, 2013). 
 
2.4.5 Carbon taxes 
Policy-makers are trying to ensure that any fiscal stimulus supports short term consumption, job 
creation and building the long-term productive capacity of the economy, as well as moving 
along in achieving a long term goal of a sustainable energy system. The development of clean 
energy technologies, rolling out a fully digital grid, properly insulating homes and offices, 
educating a new generation of engineers, technicians and scientists’ all meet these criteria and 
could be part of many fiscal stimulus programmes.  
 
Policy makers are likely to look for sources of tax that are not only substantial, but at the same 
time encourage the move towards a low-carbon economy and that means the likely dismantling 
of any fiscal support for fossil fuels – fuel subsidies, research grants, exploration concession 
waivers, investment tax holidays, accelerated depreciation, export guarantees and soft loans. 
Expect an increase in energy taxes, a dramatic reduction of fuel subsidies in the developing 
world, and either a carbon tax or cap and trade schemes with auctioning of permits (Devarajan, 
Robinson & Thierfelder, 2009). 
 
2.4.6 International Emissions Trading (IET) 
The Green Guide (2009) provides extensive information on emission trading. Under 
International Emissions Trading (IET) countries can trade in the international carbon credit 
market to cover their shortfall in allowances. Countries with surplus credits can sell it to 
countries with capped emission commitments under the Kyoto Protocol. In an article in New 
York Times of 6 July 2007, Kanter (2007) reported “In London’s Financial World, Carbon 
Trading Is the New Big Thing,” states that, “Carbon will be the world’s biggest commodity 
market, and it could become the world’s biggest market over all.” The future of the EU ETS and 
CDM is secure. The EU has shown a strong commitment to climate goals in general – most 
recently passing the climate package that sets out its target of reducing emissions by 20% by 
2020. It will also continue to allow CDM credits to be used in lieu of local carbon reductions. 
New Carbon Finance’s central forecast for the price of credits in Phase II of the EU ETS is for 
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an increase from the current US$ 21 per tonne to US$ 40 per ton and prices will continue to rise 
as carbon caps bite more deeply in the run-up to 2020 and beyond, and easy sources of credits 
are exhausted. 
 
The European Climate Exchange (ECX) is the leading marketplace for trading CO2 emissions in 
Europe and internationally. ECX currently trades two types of carbon credits: EU allowances 
(EUAs) and Certified Emission Reductions (CERs). Trading on ECX began in April 2005, when 
futures contracts on EUAs were launched and options in 2006. Futures and options on CERs 
were introduced in 2008, further cementing ECX’s position as the industry benchmark for 
carbon trading globally. (Climate Change Economics) 
 
In 2009, two new spot-like contracts were added, the EUA and CER Daily Futures contracts. 
ECX volumes are experiencing tremendous growth. The carbon market’s total value for 2008 
was estimated at €92bn (US$125bn), more than double the €40bn it was worth in 2007. 
ECX carbon contracts are listed for trading on ICE Futures Europe, an electronic trading 
platform. All contracts are cleared by ICE Clear Europe, enjoy standardised terms, and are 
regulated by the UK’s Financial Services Authority (FSA). ECX is a member of the Climate 
Exchange Plc group of companies. Other member companies include the Chicago Climate 
Exchange (CCX) and the Chicago Climate Futures Exchange (CCFE). Climate Exchange Plc 
(CLE) is listed on the AIM market of the London Stock Exchange. ECX offices are located in 
London (The Green Guide, 2010). 
 
Chicago Climate Exchange (CCX) operates North America’s only cap and trade system for all 
six greenhouse gases, with global affiliates and projects worldwide. CCX Members are leaders 
in greenhouse gas (GHG) management and represent all sectors of the global economy, as well 
as public sector innovators. Reductions achieved through CCX are the only reductions made in 
North America through a legally binding compliance regime, providing independent, third party 
verification by the Financial Industry Regulatory Authority. The two commodities traded on 
CCX are the CFI contract and the CCX Tradable Commodity, each of which represents 100 
metric tonnes of CO2 -equivalent. CFI contracts are comprised of Exchange Allowances and 
Exchange offsets. Exchange Allowances are issued to emitting Members in accordance with 
their emission baseline and the CCX Emission Reduction Schedule (similar to EUAs) while 
Exchange Offsets are generated by qualifying offset projects (The Green Guide, 2010) and is 
therefore similar to CERs. 
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2.4.7 Capital Financing  
Many large energy companies are public corporations listed on the stock exchanges around the 
world. Some of these companies have established subsidiary businesses to specialise in the clean 
energy sector. These new businesses in clean energy would obtain capital funding from their 
parent companies.  
 
On the private equity and venture capital side, some spectacular returns were achieved during 
the period 2004 to 2007. The private equity players identify clean energy companies, which are 
struggling to commercialize their products or services during the period of low energy prices, 
but would later experience soaring demand (The Green Guide, 2010).   
 
There is evidence that venture capital investors in clean technologies in Europe and the US 
achieve excellent returns on their  investments up to mid- 2008. Venture Capital funds that have 
already raised funds and needed to put them to work, have continued to invest, particularly in the 
solar and digital power sectors where the public markets stepped out during 2008 financial 
market crisis (The Green Guide, 2010). 
 
 
2.5 CLIMATE CHANGE ABATEMENT 
GHG abatement measures are typically grouped in mitigation and adaptation measures. The 
word “abatement” is seldom used and the term “mitigation” mostly includes the adaptation 
measures. To demystify these two terms, one needs to understand the context of their purpose. 
Responses to climate change include a portfolio of measures: 
1.  Mitigation – actions that reduce net carbon emissions and limit long term climate change. 
2. Adaptation – actions that help human and natural systems to adapt to climate change. 
3. Research on new technologies, on institutional designs and on climate and impacts 
science, which should reduce uncertainties and facilitate future decisions.  
 
2.5.1 Mitigation and adaptation 
Mitigation is the reducing the GHG emissions with the objection to reduce or negate the risk of 
climate change. This includes new policies, innovative technologies and new fuel resources. In 
his report on the economics of climate change, the development economist and former chief 
economist at the World Bank, Nicolas Stern, calculated the cost of keeping CO2e concentrations 
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below a 550 ppm threshold at around 1% of global GDP by 2050. Yet if no action is taken, he 
says, the overall costs and risks of climate change will be much higher. If a wider range of risks 
and impacts is taken into account, the estimates of damage could rise to 20% of GDP or more. 
The IPCC calculated the macroeconomic cost in 2030 at less than 3% of GDP for stabilizing the 
CO2e in the atmosphere between 445 and 535 ppm and the 2008 UNDP Human Development 
Report estimates that the cost of limiting temperature rises to 2°C could be less than 1.6% of 
global GDP up till 2030. These estimates, whichever is more accurate, are significant. However, 
with total global military spending at around 2.5% of global GDP, these targets are far from 
prohibitive (Stern Review, 2006). 
 
An adaptation strategy means lifestyle changes in preparing to absorb and cope with the 
inevitable changes ahead. The adoption of policies and practices aimed at preparing for the 
effects of climate change, accepting that complete avoidance is now impossible. Much of the 
global warming experienced today, was caused by GHGs emitted several decades ago. 
Adaptation actions are taken to cope with a changing climate, e.g. changes in rainfall patterns, 
higher temperatures, scarcer water resources or more frequent storms or droughts. Adaptation 
aims at cost-effective adjustments to the damage from current and future harmful climate 
changes or exploiting of potential benefits. Examples of adaptations include using scarce water 
more efficiently, adapting existing building codes to withstand future climate conditions and 
extreme weather events, construction of flood walls and raising levels of dykes against sea level 
rises, development of drought-tolerant crops and development of spatial plans and corridors to 
help species migrate timeously. 
  
2.5.2 Count and analyse GHG emissions 
For this study the term “mitigation” will include the mitigation and adaptation measures. The 
first stage in dealing with climate change is assessing the situation by counting total emissions 
and analysing their source – making an inventory and establishing a data base. Then it is 
important to analyse the options available for reduction of GHG emissions. Since 2000, the 
Carbon Disclosure Project (CDP) has, on behalf of institutional investors, challenged the world’s 
largest companies to measure and report their carbon emissions and to integrate their climate 
change assessment with their financial statements, to report on the health and future prospects of 
their businesses. By 2009, backed by 475 institutional investors representing more than US$55 
trillion of funds under management – CDP sent questionnaires to more than 3 700 of the world’s 
largest corporations requesting information on their greenhouse gas emissions, on the potential 
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climate-related risks and opportunities to their businesses and on their strategies for managing 
these risks and opportunities. CDP continues to be the global leader in capturing and analysing 
data that records the business response to climate change; whether it is risks or opportunities, 
absolute emissions levels, performance over time or governance. Incite Sustainability, annually 
analyses the responses from the 100 largest corporations on the South African JSE (Hanks, Bold, 
Dane & Hermanus, 2010). 
 
As more companies include information about the way climate change affects their business in 
their sustainability reports, in their responses to the Carbon Disclosure Project (CDP), on their 
websites, and other stakeholder engagement, it soon became clear that there was a need for 
standardization. These predominantly voluntary disclosures are vital responses to the demand for 
information regarding threats posed by climate change, but the disclosed information was 
inconsistent and had variation in the quality, quantity and relevance. 
 
The Climate Disclosure Standards Board (CDSB) was convened at the 2007 annual meeting of 
the World Economic Forum in response to increasing calls for action from corporations and 
financial markets to address global warming and the associated growth of climate change 
information collection and reporting initiatives. CDSB is a consortium of business and 
environmental organizations formed to jointly advocate a generally accepted framework for 
corporations to report climate change risks and opportunities, carbon footprints, and carbon 
reduction strategies and their implications for shareholder value (CDSB Secretariat, 2009a). 
 
The CDSB framework  focuses on how reporting can provide investors with information that is 
more useful to their decision making, by aligning its proposed Reporting Framework to existing 
relevant principles and objectives of financial reporting. Their proposed reporting templates 
reflect the growing convergence between financial, environmental, and governance reporting. 
Climate change poses significant financial and strategic business risks to the achievement of 
business strategies and that sustainability depends upon taking account of the global, long term 
and potentially irreversible risks associated with climate change in formulating business strategy. 
CDSB members aim to go beyond best practice and to make it standard practice for companies 
to report climate change-related information in their Annual Reports and for this to extend into 
related analysis by the investment research community. CDSB researched the methodology by 
which greenhouse gas emissions are calculated and has accepted the GHG Protocol as the 
recognized de-facto standard on GHG emissions accounting. Many other monitoring and 
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reporting schemes rely on and refer to the GHG Protocol. CDSB therefore adopts and recognizes 
the GHG Protocol, despite insufficient standardization, as the standard according to which GHG 
emissions results should be prepared for the purposes of disclosure (CDSB Appendix1, 2009b). 
 
 
 
2.6 ABATEMENT OPTIONS AND LATEST TRENDS  
From the research related to adaptation and mitigation options, scientists have started to develop 
a diagram that lists the known technology options. These options are arranged according to their 
cost efficiency. Figure 2.6 shows the summary of the research findings to date, looking forward 
to 2030, with the most efficient option on the left side and the most costly option on the right 
side. The figure indicates that adaptation strategies such as building insulation, LED lighting and 
similar adjustments deliver some of the greatest net economic benefits. Fuel efficiency of 
commercial and passenger vehicles are also delivering net economic benefits as well as 
establishing a sugar cane biofuels industry.   
Figure 2.6:     Strategic options for climate change mitigation to 2030 
 
Source: Kirby (2008: 18) 
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The scientists are of the opinion that all other mitigation options would add costs to the 
economy. It means that abatement options for an energy strategy should be considered with 
preference from left to right. Nuclear was not included among the options displayed in Figure 
2.6. The cost is expressed in EUR/ton CO2-e avoided per year. Abatement options have the 
objective to reduce demand, to supply cleaner energy or to utilise renewable resources. An 
energy strategy needs to incorporate abatement options from three categories namely: 
1 Demand side management that focus on more efficient use of energy resources. 
2 Measures to generate cleaner energy.  
3 Utilization of renewable resources in energy supply. 
These three categories are described in some more detail in the following sections. As it is such a 
vast field, it is not possible to explore it in depth, but some observations need to be accentuated. 
 
2.6.1   Demand side management and energy efficiency measures 
2.6.1.1Reduce energy consumption 
The Association for the Study of Peak Oil and Gas says that oil, as critical commodity in the 
modern economy, heads into decline due to natural depletion. The growing human population is 
putting the earth under increasing strain, and everyone should try to reduce the strain. There 
were more than 6.6 thousand billion people in the world in early 2008, and the UN Population 
Fund expects the total to reach about 9 thousand billion before it starts to decline. There is a 
growing global appetite for consumer goods and it is clear that unless consumers disconnect 
consumption and growing standards of living from the use of natural resources, the world shall 
soon run short of many essential resources – minerals, like Uranium, copper and gold, for 
example.  
 
2.6.1.2 Green buildings 
Another effective way to reduce energy consumption lies in heating and cooling of buildings. 
Insulating buildings will not only save energy costs, but also give the building sector an 
enormous boost and create employment. Buildings consume a huge amount of energy; some 
estimates claim that they are responsible for as much as 40% of global energy usage and a 
similar proportion of carbon emissions, making them the single biggest source of global 
warming. Better insulation of buildings and houses will soon be implemented through building 
regulations that are adjusted to make buildings and homes more energy efficient. LED lighting, 
heat pump geysers, time activated switches, use of fuel efficient transport and improved 
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scheduling in activities, are all measures that can save a large amount of energy without large 
capital investments or long lead time requirements 
  
2.6.1.3 Improve grid efficiency  
A more capital intensive solution is the “smart grid.” The idea is to have remote smart meters 
installed at the users. The remote panel connects users to the grid and communicate via the grid 
with the grid operator and with other houses in the neighbourhood to coordinated energy 
management for the maximum benefit to the owners, the community and the grid. When 
renewable energy such as solar panels or wind turbines are attached to the smart grid it create 
more load fluctuations on the grid and grid operators face other challenges such as ways to 
extract the surplus generation.  
A smart grid system can efficiently manage how much generation from users is allowed onto the 
grid and what amount of generation has to be placed in storage facilities. The real challenges for 
Smart Grids are transactional, not technological issues. There are advanced technology available 
that can be adapted to efficient communication and a centralised management and control 
systems is the opinion of Feisst,  Schlesinger and Frye (2008). Fixing the transactional problems 
necessary to unleash Smart Grids requires the political will to deregulate the monopoly powers 
of utility companies, the removal of user cross subsidy pricing structures and differentiated 
tariffs to encourage load curtailment on particularly congested parts of the grid. 
 
2.6.2 Cleaner Energy 
In the transport industry much has been done to make vehicles more fuel efficient. The increase 
in the number of vehicles has unfortunately increased the contribution of transport to 14% of 
global GHG emissions of which road transport contribute 79%. It is the view of the authors of 
Clean Energy Trends 2010, (Pernick, Wilder, Gauntlett, and Winnie, 2010) that the GHG 
emission by shipping has increased dramatically, due to growth in international trade, as 
manufacturing is shifting to regions far away from areas of consumption.  
 
Power utility Eskom now represent South Africa on the International Energy Agency's (IEA's) 
Clean Coal Centre, which is a subsidiary of the Organisation for Economic Cooperation and 
Development (OECD). The IEA clean coal centre is funded by member countries and industry 
partners, and provides information on the sustainable use of coal. Its products include in-depth 
analytical reports and an on-line database of coal information. Eskom Corporate Services 
divisional executive Dr Steve Lennon said that their involvement with the Clean Coal Centre 
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will further strengthen their main objective on climate change to reduce their reliance on coal for 
electricity from the current 88% to 70% by 2025. Eskom research and innovation centre are 
working intensively on several cleaner coal alternatives such as underground coal gasification, 
carbon capture and storage and biomass co-firing. In addition, they will continue to seek ways to 
improve existing and future power station efficiencies (Engineering News, 2010).   
 
2.6.2.1 Underground gasification (UCG) 
Gasification is a chemical process for converting a solid or liquid fuel into combustible 
gas that can subsequently be used to produce heat, generate power or as a feedstock for chemical 
products such as hydrogen, methanol or synthetic natural gas. More than 160 coal gasification 
plants worldwide are in operation; producing the equivalent of 50 000 MW of synthesis gas 
(syngas), which is a fuel gas mixture consisting primarily of hydrogen, carbon monoxide, and 
very often some carbon dioxide. Underground coal gasification (UCG), wherein coal is 
converted to gas in-situ, moves the process of coal gasification underground. Gas is produced 
and extracted through wells drilled down into the coal seam. Underground coal gasification 
works by constructing vertical wells into a coal seam to supply the injection gases O2 and H2O, 
and to discharge a mixture of production gases, CO, H2, CH4 and CO2 to surface.  
 
Research by Burton, Friedman and Upadhye, (2007) on best practises in UCG revealed that 
several processes exist to initiate and control UCG reactions, including the Controlled Retraction 
Injection Point (CRIP) process and the Ergo Exergy proprietary UCG process. The technology 
of directional underground drilling advanced considerably in the 1990's as a result of 
developments in the oil and gas industries. The breakthrough for UCG came when directional in-
seam drilling was combined with CRIP. This arrangement provided an unobstructed path for the 
departing gases and enhanced gas flow through the combustion zone (Burton, et al, 2007). 
 
The syngas would be used as a chemical feedstock or as fuel for power generation. UCG can be 
applied to coal resources that are otherwise unprofitable or technically complicated to extract by 
traditional mining methods and it also offers an alternative to conventional coal mining methods 
for some resources. UCG product gas could replace the use of natural gas and could provide cost 
savings over traditional coal mining and required coal transport. The UCG process produces 
syngas that can be piped directly to the end-user, reducing need for rail / road infrastructure and 
lowers the cost of environmental clean-up due to solid waste being confined underground. UCG 
in combination with CCS (CO2 capture and storage) shows considerable promise as a low cost 
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solution to carbon abatement. The composition of the syngas is particularly suited to CO2 
capture and the high pressure from deep UCG will require smaller and less costly plant. The 
possibility of storing CO2 in nearby coal seams is a further option. UCG offers significant 
benefits, both financial and environmental, over traditional coal mining or coal gasification 
methods (UCG Partnership, 2013). 
 
2.6.2.2 Carbon Capture and Storage (CCS) 
The concept of carbon storage comes from the process called “Enhanced Oil Recovery (EOR)” 
whereby steam of a relatively low heat is forced deep underground to liquefy and release thick 
oil deposits and natural gas. As CO2 is a heavier gas it replaces natural gas when it is pumped 
into oil wells. Reports also suggest that UCG in combination with CO2 injection into adjacent 
coal seams to enhance coal bed methane (ECBM) is a potentially attractive option, particularly 
under river estuaries, near-shore and eventually for offshore coal (Burton et al, 2007). According 
to UCG best practices by Burton et al (2007) there are three main approaches to CO2 capture for 
industrial and power plant applications, namely:  
1. post-combustion systems that separate CO2 from the flue gases produced after the 
combustion of the primary fuel, such as coal or natural gas; 
2. oxy-fuel combustion uses oxygen instead of air, producing flue gas that comprises 
mostly of CO2 and steam. In this case, the CO2 is readily recovered in pure form from 
the condensation of the steam. The oxy-fuels approach can be used if both the 
gasification and the combustion are carried out using oxygen rather than air; and 
3. pre-combustion systems process the primary fuel to produce separate streams of 
hydrogen and CO2. The pre-combustion approach can be implemented using oxygen 
for gasification, followed by hydrogen gas shift reactors to convert almost all the CO 
to CO2, thereby producing a stream of hydrogen and CO2, from which the CO2 can be 
readily removed by a number of available technologies.  
 
UCG best practices also found that for power plants, current commercial CO2 capture systems 
can reduce CO2 emissions by 80−90% kWh (85−95% capture efficiency). In all cases, CO2 
capture costs are highly dependent upon technical, economic and financial factors related to the 
design and operation of the production process or power system of interest, as well as the design 
and operation of the CO2 capture technology employed. Improvements in commercial 
technologies can reduce CO2 capture costs by 20-30% over the next decade. New technologies 
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under development promise even better cost reductions, depending on the extent of the R&D 
sustained.  
 
With Clean Energy Trends 2010, Pernick, et al, (2010) observed that new technologies and 
businesses are emerging to not only capture and sequestrate CO2, but to use it in a wide range of 
products including cement, asphalt, chemicals, plastics, and algae for biofuels. CO2 is also a 
critical component in the production of algae, and several algae start-ups, creating so-called 
“oilgae” to replace petroleum fuels, are testing the carbon-capture waters. Solix Biofuels is 
working with Colorado State University on a Fort Collins, Colo plant that uses CO2 from the 
nearby New Belgium Brewery; Scottish Bioenergy is producing algae using CO2 from 
Scotland’s oldest distillery, Glenturret, maker of Famous Grouse Scotch whisky (Pernick, et al, 
2010).  
 
Portland cement, by far the most common cement used in concrete for buildings and roads, is 
one of the world’s most carbon-intensive materials; cement production accounts for 
approximately 5% of global CO2 emissions. For several years, cement product manufacturers 
have been cutting carbon intensity by using fly ash, a waste product of coal-fired power plants, 
to partially replace Portland cement in concrete and bricks, but now chemical companies are 
going a step further, using captured CO2 from fossil-fuel plants to create the calcium and 
magnesium carbonate compounds needed in cement production. 
 
2.6.2.3 Liquefied Natural Gas 
The Chernobyl nuclear accident of 1986, at the Chernobyl Nuclear Power Plant in Ukraine 
raised concerns about the safety of the Soviet nuclear power industry as well as nuclear power in 
general, slowing its expansion for a number of years. During the 1990s the newly-privatized 
electric companies in the United Kingdom and Europe shifted towards power generation by 
using natural gas. The motivation for that was the development of North Sea gas, along with 
high interest rates at the time, which favoured quick to build gas turbine power stations over the 
larger, but slower-to-build coal and nuclear power stations.  
According to Praetorius, Bauknecht, Cames, Fischer, Pehnt, Schumacher and Voß (2009) gas 
turbines were innovative to the electricity sector, as they only entered the market in the 1990s 
when combined cycle gas turbines (CCGT) became commercially available. CCGT allowed for 
smaller investment capital needs, shorter building periods and higher flexibility in reacting to 
fluctuations in electricity demand, as they can more easily adapt their output. The new 
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technology led to a “dash for gas” increasing its share from 0 to some 30% of generation lignite 
or coal plants capacity within a decade and changing the structure of electricity supply 
substantially.  
 
Coal plants emit more than twice the amount of CO2 than CCGT plants to produce one kWh. 
The CCGT, fired with natural gas, allowed electrical efficiencies of 56% and more to be 
reached, coupled with much lower investment costs of about 450–550€/kW, compared to lignite 
or coal plants at 1100€/kW to 1300€/kW. In the absence of advanced electricity storage 
technology, CCGT offered the “missing link” to fluctuating energy generation technologies. 
However, despite its comparatively low specific investment costs and its high efficiency, CCGT 
suffered more and more from increasing prices for natural gas. Its competitive advantage now 
lies in the peak load segment of electricity generation are the views on CCGT expressed by 
Praetorius et al (2009). 
 
LNG demand is growing by as much as 6% per year, and by some estimates LNG demand will 
double, from 182 mtpa in 2009 to over 360 mtpa in 2020. In recent years the floating liquefied 
natural gas (FLNG) business has grown rapidly and is now at the forefront of offshore industry 
focus. The depletion of onshore LNG reserves while the infrastructure was still capable to 
operate for several years and the difficulties in progressing onshore LNG projects has driven the 
adoption of FLNG that now offers an increasingly important method of bringing gas from 
stranded reserves to the market.  
FLNG is poised for substantial growth, particularly within the liquefaction (gas to liquid) sector, 
and is forecasted to be worth $7.4 billion by 2016. Another development to convert LNG tanker 
ships into a floating production units prove the feasibility of floating liquefaction and will 
provide an option for monetizing stranded gas resources in other parts of the world. Floating 
facilities may cost one-third of an onshore plant and take less than half the time to construct. The 
IEA forecasts annual growth in natural gas supply will average 2.7% from 2006 to 2030. By 
2030, natural gas will account for 23% of total worldwide primary energy supply. These are 
some of the findings in the World FLNG Market Report 2009 -2015, by energy consultants 
Douglas-Westwood (2009).  
 
2.6.2.4 Biomass co-firing  
From forest trimmings and manufacturing residues to municipal and organic waste streams, 
woody biomass is gaining prominence as a reliable source of electricity, heat, and combined heat 
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and power (CHP). Utilities that operate in states or countries with aggressive renewable portfolio 
targets on carbon emissions increasingly see biomass as an attractive renewable base-load power 
source that creates jobs and displaces fossil fuels. As more utilities start using biomass for heat 
and power at a larger scale, a host of complex economic, land use and logistical issues appear. 
Biomass power emits soot particulates and other pollutants, even with new cleaner-burning 
boilers, and opponents question whether it really reduces CO2 emissions. However, when taking 
into account the methane emissions of rotting organic waste, waste accumulation at landfill sites 
and pollution to water resources, the burning of organic waste has clear benefits over burning of 
fossil fuel. Despite its many challenges, woody biomass’s unique versatility and distinct 
advantage as a base-load power source make it an increasingly important piece of the energy 
puzzle says Pernick, et al, (2010) in Clean Energy Trends 2010 publication.  
 
2.6.2.5 Nuclear 
The supporters of nuclear power believe it is set for a renaissance in many countries around the 
world. The amount of electricity produced by nuclear power plants globally has been increased 
only slightly over the past decade and as a result its contribution to the global energy mix is 
decreasing as other sources accelerate production. After the March 2011 Fukushima disaster, the 
Japanese government is facing massive opposition to nuclear power. Germany shut down half of 
its nuclear fleet after the Fukushima disaster. Although nuclear power could be part of the South 
African future energy system, there are major problems in the industry. According to the World 
Nuclear Industry 2012 status report, 59 units are under construction in the world, and at least 18 
are experiencing multi-year delays.  Four countries announced that they will phase out nuclear 
power within a given timeframe and at least five countries that had previously planned to engage 
or re-engage in nuclear programs, have decided not to continue. Forty three (75%) of the units 
under construction are located in just three countries: China, India and Russia and since 
Fukushima planned construction starts are delayed. In China not a single new nuclear building 
site was opened since the disaster. Although there are strong arguments promoting nuclear for 
base-load generation, environmental groups do not condone expansion of nuclear capacity (WNI 
status report, 2012). 
 
The concerns about the limits of worldwide Uranium resources motivated initial interest in the 
thorium fuel cycle. Thorium is estimated to be about three to four times more abundant than 
Uranium and Thorium-based fuels exhibit several attractive nuclear properties relative to 
Uranium-based fuels. Thorium have been  fuel in several different reactor types, including light 
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water reactors, heavy water reactors, high temperature gas reactors, sodium-cooled fast reactors, 
and molten salt reactors. Recently there has been renewed interest in thorium-based fuels for 
improving proliferation resistance and waste characteristics of used nuclear fuel (World Nuclear 
Association, 2013). 
 
The Examiner (2010) reported of a new innovation in nuclear that is more cost efficient has been 
developed. The reactor, known as the Hyperion Power Module ("HPM"), is designed to fill a 
previously unmet need for a transportable power source that is safe, clean, sustainable, and cost 
efficient. The unit that measures approximately 1.5 meters by 2.5 meters can be transported by 
any common means has an output of 25 MWe and could supply electricity for eight to ten years. 
Alternate Energy Holdings, Inc (AEHI Press Release, 2010) on 14 June 2010 anticipates a bright 
future for these “nuclear batteries” because of its small size and longevity. The power plant's 
applications are limitless and could fuel a huge variety of important facilities including: 
hospitals, desalinization plants, emergency facilities, industrial parks, factories, military bases, 
and even small towns for many years. Unlike most reactors, Hyperion transportable reactors are 
sealed at the factory and are not refuelled onsite. When the reactor has exhausted its fuel, it is 
returned to the factory and a new reactor is simply installed in its place. "It can be installed in a 
small vault, could power about 25 000 homes, and comes with a cost efficient price tag. In, 
addition, the power plants are modular and can be increase in the future if power demand 
increases.  
 
2.6.2.6 Hydrogen Fuel cells 
A fuel cell is an electrochemical device that combines hydrogen and oxygen to produce 
electricity, with water and heat as its by-product. As long as fuel is supplied, the fuel cell will 
continue to generate power. Since the conversion of the fuel to energy takes place via an 
electrochemical process, not combustion, the process is clean, quiet and highly efficient – two to 
three times more efficient than fuel burning. No other energy generation technology offers the 
combination of benefits that fuel cells do.  
 
In addition to low or zero emissions, benefits include high efficiency and reliability, multi-fuel 
capability, flexibility, durability, scalability and ease of maintenance. Fuel cells operate silently, 
so they reduce noise pollution as well as air pollution and the waste heat from a fuel cell can be 
used to provide hot water or space heating for a home or office (Fuel Cell Library, 2000). Fuel 
cell technologies are an attractive alternative to oil dependency. The polymer exchange 
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membrane fuel cell (PEMFC) is one of the most promising fuel cell technologies. This type of 
fuel cell will probably end up powering cars, buses and maybe even houses. 
  
2.6.2.7 Cogeneration (combined heat and power, CHP) 
CHP is one of the most common forms of energy recycling. Conventional power plants burn 
coal, petroleum, or natural gas and emit the heat created as a by-product of electricity generation 
into the natural environment through cooling towers and flue gas. CHP is the use of heat 
generated in an industrial process or a power station to simultaneously generate both electricity 
and useful heat. By capturing the excess heat, CHP uses heat that would be wasted in a 
conventional power plant, potentially reaching an efficiency of up to 89%, compared with 55% 
for the best conventional plants. This means that less fuel needs to be consumed to produce the 
same amount of useful energy. CHP is most efficient when the heat can be used on site or very 
close to it. Overall efficiency is reduced when the heat must be transported over longer 
distances. 
 
2.6.3 Renewable Energy 
Despite the drive for more renewable energy, it might never become a “base-load” energy 
resource due its intermittent availability. There are limited hours of sunshine and wind is often 
not suitable for power generation. This section review the domain of energy from renewable 
resources 
 
2.6.3.1 Feed-in tariffs 
The tariff payable to independent power suppliers to supply electricity to the national or utility 
owned distribution grid is commonly known as the feed-in tariff, and in the case where 
electricity is generated from renewable sources it is called RE-fit. These tariffs are pre-
determined and will endure for a specified time. The purpose of feed-in tariffs is to regulate a 
single market distribution channel, reduce uncertainty for financiers and to encourage 
investments in the power generation sector. Germany is a good example of public support for an 
innovation on deployment of renewable energy. Guaranteed feed-in tariffs and other subsidies 
have attracted investment capital to Germany.  
 
As a result of these incentives, electricity generation from renewable sources more than doubled 
between 1999 and 2006 (from 30.5 to 70.4TWh). This was mostly accounted for by hydro- and 
wind power. The cumulative capacity of solar PV cells, for example, grew from 2 MW in 1990 
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to 2 740 MW in 2006, but PV still accounted for only 0.4% of total electricity generation in 2006 
(Praetorius et al, 2009). Due to learning rates and new innovations the cost of technology decline 
over time and more operators enter the industry to supply electricity at lower cost, therefore the 
feed-in tariffs needs to be dynamic and needs  to be managed  towards the tariffs of electricity 
generated from other sources such as coal and gas (Praetorius et al, 2009).  
 
2.6.3.2 Power Storage facilities 
Energy storage is a key component of the low-carbon revolution and a way to reduce the 
intermittent behaviour of renewable energy. Improving battery efficiencies has led to research 
and development of new electronic devices that can store electricity. Japan has been the global 
pacesetter in large-scale battery storage, predominantly through the sodium sulphur systems. 
Lithium Ion (Li-ion) batteries offer scale applications that will benefit from the automotive 
sector as a key enabler of low-carbon vehicles. The use of vanadium results in a "virtually 
unlimited" number of charge/discharge cycles and a 20-year lifespan. The latest of the cell cube 
battery products features an output of up to 200kW and a maximum storage capacity of 400kWh.  
However, to make the most of renewable energy with its variable output, high-performance, 
cost-effective power storage facilities is a prerequisite. At the utility scale, mass storage devices 
will change the economics of wind and solar power, making them much more economic. 
Utilities will be able to store power produced during off-peak times and sell it during peak day-
time periods. Wind often blows hardest at night, when demand is the lowest. Storing what the 
grid cannot handle looks like an attractive option, at least in the short term, given the massive 
costs of upgrading the transmission system to a smart grid. Much research is currently been done 
to develop power storage technologies at utility scale. The Smart Grid in making the most of 
renewable power such as solar and wind when the storage problem is solved (Feisst, Schlesinger, 
and Frye, 2008). 
 
Pumped-storage schemes are the most frequently used form of power storage and currently 
provide the most commercially viable solution for large-scale grid energy storage to improve the 
daily capacity factor of the generation system. This method produces electricity to supply high 
peak demands by moving water between reservoirs at different elevations. At times of low 
electrical demand, excess generation capacity is used to pump water into the higher reservoir. 
When there is higher demand, water is released back into the lower reservoir through a hydro-
electric turbine.  
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Some of the more recent power storage alternatives developed is production of hydrogen or the 
desalination of sea water from surplus electricity generated by renewable energy installations on 
the grid. In the case of solar thermal plants the excess heat is stored in molten salt baths from 
where it is extracted afterwards. Compressed Air Energy Storage is using existing technology 
that is well-suited to produce compressed air. Technology to convert compressed air through 
wind turbines to electricity is available, but needs some adjustments. The air is stored 
underground until required and then released to drive a turbine that operates on less than 40% of 
the gas normally required due to its pre-compressed air input. Depleted gas fields and old mines 
are suitable for underground storage.   
 
Frequency regulation is firmly on the radar of those developing flywheel storage systems, also 
known as kinetic batteries. It stores energy in a high-speed rotating matrix and then discharges it 
as electricity when required. Flywheels are hailed by their supporters as the 'greenest' storage 
solution as they do not consume fuel or produce emissions.  
 
To achieve lower emissions it is clear that any future low carbon energy infrastructure will have 
to include a significant proportion of energy generated from renewable sources – most scenarios 
showing the proportion of 40-50% by 2050. Excess capacity, a problem common with 
intermittent renewable energy sources, could be used to pump water to pump storage reservoirs, 
produce hydrogen or in mineral smelters. The publication Ethical Investing, The Green Guide 
(2010) has been used as guideline to highlights some renewable energy technologies which look 
particularly promising in terms of three factors: abatement potential, current state of 
competitiveness and future supply. It is important to emphasize that these are by no means the 
only clean energy sectors of promise.  
 
2.6.3.3 Wind 
Wind turbines are used to generate electricity from the kinetic power of the wind. It is the most 
mature of the renewable energy sectors. There are two main kinds of wind generators, those with 
a vertical axis, and those with a horizontal axis. Wind turbines can be used to generate large 
amounts of electricity in wind farms both onshore and offshore. According to The Green Guide 
(2010), electricity from onshore wind can be generated at prices as low as US $0.10/kWh, 
making it only 32% more expensive than natural gas CCGT, even in the absence of a carbon 
price. In Germany, Spain and Denmark wind power now supplies 3%, 11% and 19% 
respectively of total electricity generation during the course of the year. Horizontal axis turbines 
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are facing design limitations regarding the size and weight of turbines. Installations are done at 
100m heights in windy places. The weight of the rotor blades and generator is harsh on bearings 
and maintenance is difficult and costly.  
 
Several new wind turbine concepts have seen developed. The vertical axis turbines have been 
around for many years. New generation jet turbine like conceptual wind turbines and vertical 
axle turbines such as the new design from Baram Engineering in Korea are very likely to 
become the next generation wind turbines. The turbine from Baram has no centre axle, but is 
built on a circular rail with a magnetic lifting suspension system. This is similar to the systems 
used in high speed trains and allow for almost weightless rotation. The system has no gearbox or 
conventional generator, but electricity is generated by a permanent magnet sliding generator. 
Wind flow is guided by shields that can rotate around the turbine depending on the wind 
direction. 
 
 FloDesign and Infinity Energy (2011) are working on a wind turbine concept, inspired by jet 
engine designs. The wind is channelled into a vortex that spins the blades and generates 
electricity. It could potentially be at least twice as efficient as traditional rotor blade turbines, as 
it forces air around the rotor blades instead of through them. Another concept is airborne wind 
turbines. Initially it was considered to be technically non-viable to tap high-altitude winds. 
Except today, technically-advanced materials and innovative computer know-how are giving 
new life to this scheme with innovative aerial structures using high altitude wind energy to 
generate power. 
 
Offshore wind offers enormous potential, with stronger more predictable winds and almost 
unlimited space for turbines. Global satellite maps from NASA, has nearly a decade of data from 
NASA’s QuikSCAT satellite, to give guidance on where to the harness the ocean’s wind 
resources. These maps can help in locating and planning the offshore wind farms for producing 
electricity. Planning permission can be easier to obtain than onshore, farms can be built at scales 
impossible on land, and the availability of space is almost unlimited if deep waters are mastered. 
Norwegian company Statoil Hydro is working on a 2.3 megawatt floating wind turbine that will 
be attached to the top of 'sea-buoy' and moored to the seabed by three anchor points. It is 
anticipated that the 80 meter diameter, 65 meter high wind turbine will have lower deep-water 
installation costs when compared to traditional wind installations. Electricity from onshore wind 
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has declined rapidly and The Green Guide, (2010) reported that wind energy can be generated at 
prices of 9-13 c/kWh, which is only 32% more expensive than natural gas CCGT. 
 
2.6.3.4 Solar Photovoltaic Power 
Photovoltaic (PV) technology has made very rapid strides in the past few years, in terms of 
reducing the cost of crystalline silicon (its main component) and commercializing thin film 
technology. Although there has been a bottleneck in the production of solar-grade silicon, new 
capacity is coming on line and costs have declined rapidly from US$ 4/W to US $ 2.00/watt by 
the end of 2008. In 2009 cost declined to levels around US $1/watt, produced by cadmium-
telluride thin-film modules. Early 2010, industry leader First Solar announced producing panels 
at US $0.76 /watt, making unsubsidized solar PV generation costs comparable with daytime 
peak retail electricity prices generated from natural gas. In driving down cost of solar, China is 
displaying their eagerness to scale up domestic use of solar energy. In the third quarter of 2010 
bids for utility-scale solar plants in China broke the 1 Yuan per kWh ($0.15 per kWh) threshold 
highlighting the government's push for clean energy at all costs.The trend for roof top PV solar 
installations is stronger than land-based PV solar farms because the higher site cost of land-
based installations leads to higher cost per Watt generated.  
 
Researchers in the field of photovoltaic are faced with the problem how to increase the 
efficiency of this conversion process while reducing the cost significantly. According to Kurtz 
(2009) the solution with the highest cost reduction potential is concentrator photovoltaic (CPV), 
which has 2x higher efficiency than multi-crystalline silicon technology. In this new panel 
design, named “smart cell,” a second layer of glass covers the front of the panel. This glass layer 
is shaped to form lenses that concentrate the sunlight onto PV cells that are much smaller in size. 
The cost reduction is incurred by replacing expensive PV cell material with lower cost optical 
systems. To ensure that the irradiation from the sun is always concentrated on the PV cell, the 
panels are attached to a sun tracking device using two axes tracking to align the panels with the 
sun.  
 
The sun is the largest known energy resource in the solar system. In the vicinity of earth, every 
square meter of space receives 1.366 kilowatts of solar radiation, but by the time it reaches the 
ground, it has been reduced by atmospheric absorption and scattering; weather; and summer, 
winter, and day‐night cycles to less than an average of 250 watts per square meter. Is Space 
Based Solar Power (SBSP) a technology option to pursue or not? SBSP was first invented in the 
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United States 40 years ago. The basic idea is to place very large solar arrays into continuously 
and intensely sunlit earth orbit, collect Giga watts of solar electrical energy, electromagnetically 
beams it to earth, for use as base load power (National Security Space Office, 2007). The SBSP 
Study Group concluded that SBSP does present a strategic opportunity that merits significant 
further attention. Several major challenges will need to be overcome to make SBSP a reality, 
including the creation of low-cost space access and a supporting infrastructure system on Earth 
and in space. The second challenge is to facilitate the policy, regulatory, legal, and 
organizational instruments that will be necessary to create the partnerships and relationships 
needed for this concept to succeed. SBSP and its enabling wireless power transmission 
technology could facilitate extremely flexible “energy on demand” for combat units and 
installations across an entire battlefield, while significantly reducing dependence on vulnerable 
over-land fuel deliveries. SBSP could provide the ability to deliver rapid and sustainable 
humanitarian energy to a disaster area or to a local population in a remote area.  
 
2.6.3.5 Solar Thermal Electricity Generation 
The technology of choice for big solar plants in the world’s deserts looks set to be Solar Thermal 
Electricity Generation (STEG), concentrating the heat of the sun to generate steam, to drive 
conventional and highly efficient turbines. A solar thermal power plant in principle works no 
differently than a conventional steam power plant. In order to achieve the high temperatures 
required, solar radiation must be concentrated. Parabolic trough systems use linear concentrators 
of parabolic shape with highly reflective surfaces, which can be turned in angular movements 
towards the sun position and concentrate the radiation onto a long-line receiving absorber tube. 
Solar radiation heats up the thermo-oil that flows through the receiver tubes to a temperature of 
400° Celsius so that a downstream heat exchanger is able to generate steam.  
 
As in a conventional power plant, the steam is pressurized inside the turbine that drives the 
generator. Heat storage systems can allow electricity output even if the sun isn’t shining. 
Parabolic trough power plants represent today the most mature solar power plants of commercial 
solar electric generating systems. There are only few projects up and running, but with costs 
already as low as US 0.24/k to US $0.30 /kWh, this technology is shaping up to be a part of the 
solution in the sunniest parts of the world (Green Guide 2010) 
 
Solar thermal power production experienced explosive growth in the 1980’s and 90’s reaching 
887GWh in 1998, but stagnated during the following years. A new solar thermal power plant 
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commissioned in 2007, made Spain became the third OECD country to report electricity 
production from solar thermal, with 24GWh generated in 2010. The storage and backup 
capabilities of CSP plants offer significant benefits for electricity grids. By early 2010, the 
global stock of CSP plants neared 1 GW capacity. Globally projects under development are 
expected to total 15 GW. Losses in thermal storage cycles are much smaller than in other 
existing electricity storage technologies (including pumped hydro and batteries), making the 
thermal storage available in CSP plants more effective and less costly (IEA, 2009). CSP plants 
can enhance the capacity of electricity grids to accommodate a larger share of variable energy 
sources, thereby increasing overall grid flexibility. As demonstrated in Spain, connecting CSP 
plants to some grid sub-stations facilitates a greater share of wind energy. CSP plant with backup 
storage may also eliminate the need to build fossil-fired “peaking” plants to meet the highest 
loads during a few hours of the day. The optimal size of a CSP plant is probably 200 MW. 
The solar tower is a new technology development in the solar thermal arena. The solar farm has 
a tower building facing thousands of tiny mirrors known as heliostats. These mirrors reflect 
sunlight from the heliostats onto a boiler atop the tower. The concentrated heat produces steam 
which is piped to a turbine to generate electricity. This technology conserves water by cooling 
steam back to water. As these plants have to be suitable for operating in desert areas, water 
conserving principles are vital for concentrating solar technology. The environmentally friendly 
closed cycle solution is offering the highest operating efficiencies and lowest costs in the 
industry (IEA, 2009). 
Smaller hybrid systems have been developed where the tower contains a special solar receiver. 
This receiver utilizes the solar energy to heat air to a temperature of 1 000 degrees Celsius and 
directed into a gas turbine, which converts the thermal energy into electric power that will be fed 
directly into the national grid. This new environmental friendly power station does not use water 
as steam operated turbines do, and it can be constructed in several months rather than the years it 
takes to build other solar power stations. This power station mainly utilizes solar energy, but its 
gas turbine can also be run on other alternative fuels, including bio-gas, bio-diesel and natural 
gas (IEA, 2009). 
2.6.3.6 Municipal Solid Waste-to-Energy (MSW) and waste management 
The Green Guide (2010) concludes that waste management is moving up the agenda, driven by 
the same factors powering other green sectors of the economy. The key drivers are climate 
change, pollution control, lack of landfill capacity, resource depletion, and the rising cost of 
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waste disposal. Sewage treatment is being revolutionised by the use of advanced anaerobic 
digestion methods that significantly increase the quantities of energy recovered from waste 
materials. These challenges are creating new opportunities in the recycling and reprocessing of 
waste, waste-to-energy programmes, industrial-scale composting plants, and other areas. The use 
of municipal solid waste to generate energy is increasing, led by the EU countries. Waste has 
traditionally been deposited in landfill sites, a practice that is becoming more expensive and 
constrained by shortage of sites. Landfill also creates a powerful greenhouse gas called methane. 
Waste that cannot be recycled can be used to generate electricity by a variety of technologies at 
costs around US $0.10 /kWh (Green Guide, 2010). 
 
The waste-to-energy market is expected to be a major growth area in Europe for at least the next 
ten years, with almost 100 new plants due to come on-line between 2009 and 2012. Capturing 
methane from landfill sites (or even old coal mines) and turning it into energy is becoming big 
business. The recycling industry employs 1.5 million people worldwide, and has an annual 
turnover of $1.6 billion. In the US, there are currently 445 landfill-gas-to-energy (LFGTE) 
projects operational, but a recent study by the Environmental Protection Agency identified a 
further 535 additional landfill sites as candidates for LFTGE facilities, with the potential to 
generate 1 200MW of electricity annually (Green Guide, 2009). 
 
2.6.3.7 Sugar-based Ethanol 
Sugarcane cultivation requires a tropical or subtropical climate, with a minimum of 600 mm of 
annual rainfall. Sugarcane is one of the most efficient photosynthesizes plant species, able to 
convert up to 2% of incident solar energy into biomass. Brazil has a 30-year-old ethanol fuel 
programme that is based on the most efficient agricultural technology for sugarcane cultivation 
in the world, the uses modern equipment and cheap sugar cane as feedstock and the residual 
cane-waste (bagasse) is used to process heat and power, which results in a very competitive price 
and also in a higher energy balance (output energy/input energy).  
 
A key aspect for the development of the ethanol industry in Brazil was the investment in 
agricultural research and development while innovations in the industrial process have allowed 
an increase in sugar extraction. There is also research for the development of second-generation 
or cellulosic ethanol to be extracted from the bagasse. Since the early days bagasse was burnt in 
the plant to provide the energy required for the industrial part of the process. Today, Brazil is the 
world's second largest producer of ethanol fuel and the world's largest exporter. Using high-
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pressure boilers that increase energy recovery, allowing most sugar-ethanol plants to be energy 
self sufficient and even sell surplus electricity to utilities (Green Guide 2010).  
 
USA has a corn-based ethanol industry. Sugar cane ethanol has an energy balance seven times 
greater than ethanol produced from corn. Corn-derived ethanol costs 30% more because the corn 
starch must first be converted to sugar before being distilled into alcohol. The Green Guide 
(2010) observed that the period 2004-2006 saw US investment in biofuels soar, but most of this 
flowed into corn-based ethanol, which is more expensive to produce than sugar-based ethanol, 
subject to volatile prices and controversial because its feedstock, namely corn, is a food staple 
around the world. Environmental groups have raised concerns for several years. The food versus 
fuel debate reached a global scale in 2008 as a result of the international community's concerns 
regarding the steep increase in food prices. By contrast, Brazilian sugar cane-based ethanol is 
competitive with oil at US$ 40 per barrel. Sugar grows well in many southern hemisphere 
countries and there is no shortage of land to increase production substantially without 
jeopardizing food production. (Green Guide 2010) 
 
2.6.3.8 Cellulosic and Next Generation Biofuels 
The argument over food versus fuel is loaded with emotion. In most regions, there is sufficient 
land to increase biofuels production from the current 1% of transport fuel to 3% or even 5% 
thereof without an impact on food security. Beyond that the only way to increase production of 
bio-fuels will be to source feedstock that does not compete with food. The cost of producing 
biofuels from agricultural waste through cellulosic conversion and from algae is decreasing 
rapidly, and the future fuel system is likely to include a proportion of fuels from these resources 
(Green Guide, 2010).  
 
Algae hold great promise for biofuel production because they grow very rapidly, are rich in 
vegetable oil and can be cultivated in ponds of seawater, minimising the use of fertile land and 
fresh water. Algae consume CO2 and convert it to oil and proteins. Contaminants from 
wastewater are utilised by the algae as a food source. These microorganisms consumes the toxic 
gasses and expels oxygen and hydrogen as by-products of photosynthesis while storing oil, 
minerals, proteins in the bio-mass. Using CO2 as a catalyst to grow micro-algae is a more viable 
solution than sequestering and burying it underground. Algae will consume between 2kg and 4 
kg of CO2 to produce 1 kg of dry algal mass. After the algae are grown, the oil is extracted and 
refined in a typical refinery process. Algal bio-crude, known as oilgae is the untreated oil that is 
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extracted from the microalgae biomass. The bio-crude is further refined into biodiesel, green 
diesel, bio-jet fuel and other co-products. Algal bio-crude can be refined into fuel to power cars, 
trucks, airplanes and heating systems. Even though burning the oilgae releases CO2 back into the 
atmosphere, it is an extremely low carbon fuel due to the CO2 consumed during the algae life 
cycle period. (Clean Coal Technology South Africa 2010). 
 
As biofuel feed stock macro-algae (seaweed) is not nearly as widely followed as micro-algae. 
Seaweed is the fastest growing plant in the world and requires no fertilizer inputs like corn and 
sugar, but grows off nutrients in the water and cleans up the oceans when while it grows. Macro-
algae is widely grown and understood, with more than 100 years of aquaculture farming already 
completed. In Asia they have grown seaweed at commercial scale for food and harvest 30-35 
tonnes per hectare by hand cultivation. Non-edible seaweed will be used in aquaculture farming 
operations for the production of renewable, sustainable low cost ethanol (Clean Coal 
Technology South Africa 2010). 
 
2.6.3.9 Geothermal and similar concepts 
Geothermal power is particularly attractive as a renewable energy source because it can be used 
as predictable base-load power in a way that wind and solar power cannot be. It is believed that 
about 99% of the earth has a temperature above 1 000°C. Around one-third of the heat flow 
comes from the original heat in the Earth's core and mantle (the layer closest to the Earth's 
crust). The remaining two-thirds originate in radioactivity in the Earth's crust, where radioactive 
substances continuously decay and generate heat.  
The heat is transported to rock layers that are nearer the Earth's surface. Geothermal energy 
available from 150-200 metres below the surface is called low temperature geothermal energy 
(IEA, 2011c). Geothermal heat pumps can extract enough heat from shallow ground anywhere in 
the world to provide home heating, but industrial applications need the higher temperatures of 
deep resources. All countries can exploit geothermal resources using ground source heat pumps 
for heating (IEA, 2011c). 
Deep geothermal heat from thousands of metres deep could be promising, but the cost of this 
technology is still uncertain. Weaker heat sources, such as geysers and hot springs, are used 
extensively both in Iceland and other countries with volcanic activity. Water deep underground 
is heated by the earth’s natural heat. For power generation, two separate deep wells are drilled 
79 
 
far apart into an underground hot water resource. The hot well-water is brought to the surface 
and delivered to a modular power generation plant. A working fluid that has a boiling point 
much lower than water is heated by the hot well-water before the water is pumped back in the 
second well. The working fluid vapor is used to drive a gas turbine. After the working fluid 
vapor left the turbine it condensates and is pressurized to repeat the cycle. Geothermal electricity 
generation can be considered where natural hot springs are found (IEA, 2011c). 
Ocean thermal energy conversion uses the temperature difference that exists between deep 
waters and surface waters to run a heat engine. The greatest efficiency and power is produced 
with the largest temperature difference. The concept of a heat engine is very common in 
thermodynamic engineering where the device is placed in the closed circuit between a high 
temperature reservoir and a low temperature reservoir. This principle is used in steam turbines, 
while refrigerators apply the process in reverse direction. An ocean thermal device draws on 
temperature differences between 1,000 meter depth cold water and warmer surface water caused 
by the sun's warming of the ocean surface (IEA 2011c). 
2.6.3.10 Hydro electricity 
The production of electricity through the use of the gravitational force of falling or flowing 
water is known as hydro power. It is the most widely used form of renewable energy. 
Worldwide, an installed capacity of 777GWe supplied 2 998TWh of hydroelectricity in 2006. 
This was approximately 20% of the world's electricity, and accounted for about 88% of 
electricity from renewable sources. Hydroelectric power plants continued to become larger 
throughout the twentieth century. In 2008 the Three Gorges Dam in China with a production 
capacity of 22 500MW was completed. The hydroelectric power extracted from the water 
depends on the volume and on the difference in height between the source and the water's 
outflow rate (Engineeringwork 2010). 
 
The major advantage of hydroelectricity is elimination of the cost of fuel. The cost of operating a 
hydroelectric plant is nearly immune to increases in the cost of fossil fuels such as oil, natural 
gas or coal. Hydroelectric plants also tend to have longer economic lives, with some plants now 
in service that were built 50 to 100 years ago. Reservoirs created by hydroelectric schemes often 
provide facilities for water sports, and become tourist attractions themselves. In some countries, 
aquaculture in reservoirs is common. Multi-use dams generate electricity and support agriculture 
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with a relatively constant water supply for irrigation. Large hydro dams can control floods, 
which would otherwise affect people living downstream of the project (Engineeringwork 2010). 
There are also disadvantages. Large reservoirs required for the operation of hydroelectric power 
stations result in submersion of extensive areas upstream of the dams, destroying biologically 
rich and productive lowland and river valley forests, marshland and grasslands. The loss of land 
is often exacerbated by the fact that reservoirs cause habitat fragmentation of surrounding areas. 
There is the need to relocate the people living where the reservoirs are planned. For the reason 
that large conventional dammed-hydro facilities hold back large volumes of water, a failure due 
to poor construction, terrorism, or other causes can be catastrophic to downriver settlements and 
infrastructure. Dam failures have been some of the largest man-made disasters in history. Good 
design and construction are not an adequate guarantee of safety. Hydroelectric projects can also 
be disruptive to surrounding aquatic ecosystems both upstream and downstream of the plant site 
(Engineeringwork 2010). 
 
2.6.3.11 Wave, tidal and current(stream) energy 
There are many emerging technologies – a wide range of wave and tidal power, ocean thermal 
and osmotic power. Huckerby, Jeffrey and Moran, (2011) discuss ocean energy in detail in a 
report on the vision for ocean energy brochure, compiled for IEA. The energy potential of waves 
seems greater than tidal power, and wave power can be exploited in many more locations. 
Countries with large coastlines and strong prevailing winds could produce 5% or more of their 
electricity from wave power. Waves are generated by wind passing over the surface of the sea 
and can be predicted up to five days in advance. The rise and fall motion of waves are captured 
as kinetic energy by surface floating devices. As the wave energy is captured by the device it is 
transformed into electricity and loaded onto the electrical grid by transmission power cables. 
South Africa is seen as one of few countries in the world with superior wave energy resources 
that is reliable enough to become a base-load energy resource (van Niekerk, 2008).  
 
Huckerby, Jeffrey and Moran, (2011) explained that tidal energy differs from wind or solar on 
two critical dimensions, namely predictability and energy density. Tidal energy is generated as 
periodic changes of water levels by the relative motion of the water due to gravitational forces 
from the sun and moon. The magnitude of the tide at a location is the result of the changing 
positions of the moon and sun relative to the earth, the effects of earth rotation, and the local 
shape of the sea floor and coastlines. For the reason that tides are caused by gravitational 
interaction, tidal power is practically inexhaustible and classified as a renewable energy source. 
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Continuous flowing tidal current such as Angulas and Benguela could become renewable base-
load energy solutions for South Africa. 
A tidal generator uses flowing water to generate electricity. The stronger the tide, either in water 
level height or tidal current velocities, the greater the potential for tidal electricity generation. A 
relatively new technology, tidal stream generators draw energy from currents in much the same 
way that wind generators do. The higher density of water means that a single slow rotating 
generator can provide significant power. This technology is at the early stages of development 
and will require more research before it becomes a significant contributor. Several prototypes 
have shown promise. Some devices uses vertical and horizontal axis cross flow turbines with or 
without venturi effect while others have developed oscillating devices  (Huckerby, Jeffrey and 
Moran, 2011). 
 
Ocean Thermal Energy Conversion (OTEC) is using the temperature differences in the ocean to 
make energy. Deeper water is colder than water on the surface because sunlight warms the 
water. Below the surface, the ocean gets very cold and power plants can be built that use this 
difference in temperature to generate energy. A difference of at least 38 degrees Fahrenheit (3.33 
degrees Celsius) is needed between the warmer surface water and the colder deep ocean water 
(Huckerby, Jeffrey and Moran, 2011). 
 
2.6.3.12 Kinetic and magnetic energy 
The kinetic energy of an object is the energy that it possesses due to its motion which can be 
described as the amount of work required for an object to accelerate from a state of rest to its 
current velocity. Kinetic energy can be transformed into various other forms of energy such as 
chemical, thermal, gravitational, electric, electromagnetic energy and other forms. The equations 
for calculating the amount of kinetic energy are complicated by rotational and vibration of 
objects, and becomes more complex when there is a system of objects with various levels of 
energy absorption. The flywheels have been developed as a method of energy storage. This 
illustrates that kinetic energy can be stored in rotational motion. Any form of energy can be 
transformed into another form (Bowman, 2013). 
There is no fundamental difference between magnetic energy and electric energy. Every 
electrical current has associated with it a magnetic field and every changing magnetic field 
creates its own electrical current. When energy is in a form other than thermal energy, it may be 
transformed with good or even perfect efficiency, to any other type of energy. In all such energy 
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transformation processes, the total energy remains almost the same. It is common belief that 
energy cannot be created nor destroyed, but more scientists are providing evidence that they 
achieve higher energy output than input from harnessing magnetic and kinetic energy. Reputable 
research laboratories such as Terawatt Research states that their development of a magnet motor 
has been tested and resulted workable designs for the generation of electricity (Allan, 2010). 
A magnetic motor or magnet motor is a device that converts power caused by magnetism into 
mechanical force and motion, with no other input. It usually provides rotary mechanical motion. 
These machines utilize the properties of a magnet for mechanical energy. Another developer, 
GAMMA Group, under Professor L.I. Szabó's leadership, claims to have developed a self-reliant 
energy-by-motion (EBM) plant that uses its own self-generated electromagnetic fuel. The research 
and development work of this hi-tech technology began in 1980, The EBM plant can achieve 40% 
excess output over the electricity input required for the electromagnetic field that propels the turbine 
(Allan, 2010). 
 
2.7 CONCLUSION 
In this chapter there was a brief review of relationship between greenhouse gases, the 
greenhouse effect and climate change. From the research done for this chapter it is clear that the 
knowledge base on climate change is expanding rapidly with some fields that interface with 
natural science while a vast study field lies in the spheres of behavioural science. The laws in 
natural science such as time, matter, gravitation, magnetism or electricity are exact and 
predictable.  
 
Some of the alarming observations were the reducing ice-caps in the Polar Regions, a rise in sea 
levels, instability in rainfall patterns and a rising global temperature. It was found that the 
instability was due to global warming as a result of an overactive greenhouse effect. It became 
clear that human behaviour was the catalyst for global warming. Climate change is now a matter 
of changing human behaviour and therefore so important that natural scientists and behavioural 
scientists work together. 
 
Abatement measures are typically divided in adaptation and mitigation actions. In principle there 
are three ways to approach the challenges of climate change. Firstly, the reduction of demand 
through demand side management programmes that will allow for lesser generation and 
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emissions. Secondly, the suppliers of energy can switch to cleaner energy resources or 
technology, such as from coal to gas or nuclear. Thirdly, the energy could be generated from 
renewable resources. Thereafter the chapter gave a brief overview on the issues in the funding 
environment and how the industry has mobilised funding through feed-in tariffs, the clean 
development mechanism, carbon tax and venture capital and private equity. 
 
To conclude the section on mitigation options, the possibility of commercializing renewable 
technologies to replace fossil fuel might take a few years, but the creative designs in recent years 
are very positive and bode well for the future. For the near term much focus must be place on the 
demand side management to reduce energy consumption and to adapt lifestyles to be more 
energy conscious. As medium term objectives South Africa will have to plan and implement 
policies to get cleaner energy generated by the existing fossil fuel dependent economy.  
 
After a brief overview on the focus areas of the international effort to address climate change, 
the next chapter will focus on how South Africa has responded to the challenges of climate 
change. To a large extend the focus would be on the regulatory environment to evaluate whether 
Government has created an enabling environment for private sector businesses to join forces 
with Government in addressing climate change.  
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THE SOUTH AFRICAN RESPONSE TO CLIMATE CHANGE 
CHALLENGES 
 
CHAPTER 3 
 
3.1 INTRODUCTION 
The issue of climate change has created a mega opportunity for South Africa to unlock business 
between Africa and the rest of the world, but South Africa struggled to capitalize on it due to 
skills shortages, corruption, violence, poor service delivery, and hostile practices in the labour 
market practices. Since 1994, the South African Government has not developed any master plan 
to enable the environment for business or communities to react to climate change.  
 
The absence of a well-developed master plan is noticed in uncoordinated and fragmented 
planning implementation and control that resulted in deterioration of infrastructure. The master 
plan for a macro organization or countries has a planning horizon of 10 years or more and drives 
the detail plans of the various divisions. Although the Kyoto protocol was already established in 
1997 it took another decade for South African government to realise that climate change is a 
major global threat that needs to be incorporated into the strategic planning for long term 
sustainability. The comprehensive research on climate change that led to the Long Term 
Mitigation Scenarios (LTMS) was the first steps from Government towards establishing a 
climate change policy.  
 
Since 1994 there were a number of five year growth plans that could hardly be classified as a 
master plan. Firstly, the Reconstruction and Development Plan (RDP) were announced followed 
by Growth, Employment and Redistribution plan (GEAR). This was followed in 2006 by the 
Accelerated and Shared Growth Initiative for South Africa (AsgiSA) and its sister programme, 
the Joint Initiative on Priority Skills Acquisition (Jipsa). The silence around AsgiSA has been 
deafening since President Zuma’s government took office in May 2009. In October 2010 South 
African Government announced the Integrated Resource Plan for supply of electricity to 2030 
(IRP2010). The comprehensive research on climate change that led to the Long Term Mitigation 
Scenarios (LTMS) seems to be the building blocks of the IRP2010. The Department of 
Economic Development submitted a new national plan known as New Growth Path (NGP), to 
replace AsgiSA. The NGP has endeavoured to incorporate the IRP2010 in the planning. The 
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NGP has been widely criticized for being unachievable, especially on its employment creation 
targets. 
 
The National Panning Commission has been tasked to develop a strategic plan until 2030, and in 
2012 the National Development Plan 2030 (NDP) was released, which has subsequently been 
accepted by Government as the official long term strategy. There is resistance against the NDP 
from business leaders who feel that there are many unachievable objectives without a clear 
budget plan while labour movements have also expressed their preference and support for the 
former NGP as the national plan.  
 
To complete this chapter, some attention will be given on how the national strategic plan 
cascades into to the three year action plans known as Industrial Policy Action Plans, developed 
by Department of Trade and Industry. Lastly there are comments on the unresolved issues in 
forming an independent entity to assume the responsibility of procurement, transmission and 
distribution of electricity and how to compensate Eskom when these business functions is 
divested from Eskom, to establish a mechanism that accommodate the independent power 
producers. 
 
Lastly, it is necessary to consider if climate change can, or has led to interaction with other 
countries, mainly in Africa, where South Africa has a leading role on the continent. How does 
South Africa promote and champion action with its neighbours, against the impact of climate 
change in the region? 
 
 
 
3.2 GERMANY SETTING AN EXAMPLE FOR SOUTH AFRICA TO FOLLOW 
After the official closing of the inner German border in 1952, the border in Berlin remained 
accessible and many East Germans left for the West. Green Tech Focus (Gurka, 2007) points out 
that the emigrants tended to be young and well-educated, leading to a brain drain with a heavy 
loss among professionals such as engineers, technicians, physicians, teachers, lawyers and 
skilled workers. In less than ten years over 3.5 million East Germans had left for the west, 
totalling approximately 20% of the entire East German population, and the brain drain of 
professionals had become so damaging to the political credibility and economic viability in East 
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Germany, that its political leadership decided to erect the more than 140 kilometres long Berlin 
Wall in 1961.  
 
After the fall of the Berlin wall, Germany’s reunited capital city has become a major centre of 
culture, politics, and science in Europe. Germany is now the world's fourth largest economy, 
sixth largest greenhouse gas emitter and leader in renewable energy and energy efficiency 
technologies, which are destined to be a pillar of Germany’s future economic competitiveness 
and key driver of new job creation. While unions and heavy industry are concerned that the 
ambitious unilateral climate policies could make Germany globally less competitive and 
therefore jeopardise jobs, the advocates of green development highlight that Germany has 
created hundreds of thousands of green tech jobs in the last decade says Gurka (2007).  
 
The German business community has been missing global opportunities in various industries, 
but it is not missing the opportunity to develop the renewable energy sector. Germany’s green 
technology companies are seeing the beginning of a big wave of Chinese investment in Europe. 
China is increasingly interested in green solutions and Germany leads the sector. Germany’s 
strategy has been to develop the local industries and China has to invest in Germany to get 
access to these technologies. 
 
What are the secrets of Germany’s success? In Green Tech Focus, Gurka (2007) who serves as 
managing director of Berlin Partner pointed out that: 
1. The first decade after the wall came down, it was a struggle and everyone realized that 
more needed to done, but there was no master plan.  
2. Berlin Partner was established. Operating as a public-private partnership where 55% of 
Berlin Partner is held by representatives of the private sector and its supervisory board is 
made up primarily of business leaders. 
3. Not only does Berlin Partner help Berlin-based companies tap foreign markets, but it 
assisted foreign companies with trade and investment opportunities in Germany. 
 
To succeed like Germany, South Africa must endeavour to benefit from the lessons learned in 
Berlin and Germany. In brief, South Africa needs to: 
1. Build its pool of expertise by immigration and training, especially in mathematics, 
science and technology and by retaining its well-educated professional people. 
2. Develop a master plan in partnership with the private sector.  
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3. Create an enabling environment for business to grow and attract the needed funding,  
4. Entrust implementation of master plan to private sector.  
5. Become the gateway for business into sub-Sahara Africa and lastly. 
6. Identify and focus on the key competencies of South Africa. 
The response of South Africa to the challenges of climate change and their effort to develop an 
environment conducive for addressing climate change is discussed based on official documents 
published by Government in this regard. 
 
 
 
3.3 LONG TERM MITIGATION SCENARIOS (LTMS)  
In March 2006, the South African Cabinet commissioned a process to examine the potential for 
mitigation of the country’s greenhouse gas emissions. The process objective was to be informed 
by the best available information. The aim was to produce Long Term Mitigation Scenarios 
(LTMS) that would provide a sound scientific analysis from which Cabinet could draw up a long 
term climate policy. Such a policy would give South African negotiators under the United 
Nations Framework Convention for Climate Change (UNFCCC) clear and mandated positions 
for their negotiations. It would also ensure that South African stakeholders understood and 
commit to a range of realistic strategies for future climate action. The first phase of this study 
has been completed. A Scenario Building Team (SBT), comprised of strategic thinkers from 
government, business and civil society working with four research teams, has produced a 
Scenario Document, backed up by a Technical Summary, which is in turn underpinned by 
detailed technical research (Energy Research Centre, 2007b). A final version was presented to 
Cabinet in early 2008. 
 
Two scenarios were developed, starting from a base year of 2003 and continuing to a 2050 
horizon. 
1. Growth without Constraints Scenario: 
This scenario assumes constraints from resource such as local water availability have 
been overcome. It further assumes that South African industrial policy continues to 
be energy-intensive. There is no negative impact from climate change. 
 
2 Required by Science Scenario:  
South Africa joins the world community in taking action to stabilise GHG 
concentrations, and negotiates a target as its fair contribution to this shared vision. 
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By 2050 the Growth without Constraints Scenario and the Required by Science Scenario look 
dramatically different from each other, both in their picture of everyday life and in their 
respective emission trajectories.  
 
The SBT indicated that in 2004, the world produced about 49 000 Mt CO2-e of which South 
Africa produced about 440 Mt, or about 1% of the global figure. In comparison, other coal-based 
energy economies like Brazil (5.4%), India (4.4%), China (11.9%) and European OECD 
countries (34.7%) were emitting much higher quantities. South Africa’s emissions intensity (i.e. 
emissions per GDP) is high compared to most developed (OECD) countries and developing 
countries. Its emissions per capita are higher than China and India, which are also coal-based 
energy economies, and higher than Brazil – until Brazil’s emissions due to changes in land use, 
notably deforestation is added.  
 
Although South Africa contributes only 1% to CO2-e, this is not the parameter used to evaluate 
emissions. It was decided to measure emissions per capita and emissions intensity, which is 
emission per million dollars of GDP of each country. These two parameters are shown in Figure 
3.1 below.  
 
Figure 3.1: South African GHG emissions relative to other coal-based energy economies 
 
Source: Scenario Building Team (2007b: 3) 
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As the developed nations take the lead with more ambitious emissions reductions, they expect at 
least some developing countries to take a fair share of its common responsibility. South Africa, 
along with other larger developing countries such as Brazil, China and India, may continue to 
grow without any cap on emissions until end of 2012. What happens to the climate regime 
beyond Kyoto-protocol is a subject of negotiations at climate change conferences such as 
COP17 during December 2011 and later. 
 
3.3.1 LTMS Scenario 1: Growth without constraints 
From the publications of SBT it is concurred that this scenario assumes constraints from 
resource such as local water availability have been overcome. It assumes that South African 
industrial policy continues to be energy-intensive. There is no negative impact from climate 
change. The analysis indicated that SA’s emissions in the base year 2003 stand at 440 
megatonnes of CO2-e. By 2050 emissions could quadrupled to around 1600 Mt per year. Overall 
fuel consumption grows more than five-fold, mainly in the industry and transport sectors.  
 
Regarding electricity, the following scenario is expected in “Growth without constraints”; new 
coal-fired electricity generating plants using supercritical steam technology (23 GW, or 7 new 
plants, by 2050) and 13 to 14 integrated gasification combined cycle (IGCC) gas turbine will be 
required. New installed capacity of 68 GW from fossil fuel is made up of 21 new coal and gas 
plants by 2050. Since no carbon constraints are imposed, no electricity plants have carbon 
capture and storage (CCS). IGCC using gasification of coal becomes attractive as it is only 
slightly more expensive, but significantly more efficient than supercritical coal technology.  
 
A total of 9 new conventional nuclear plants are built, mostly between 2023 and 2040, adding 15 
GW of new nuclear capacity. Twelve modules of PBMR (Pebble Bed Modular Reactors) are 
also built for domestic use. Very few renewables enter the electricity mix in this Scenario. No 
electricity is generated from solar, thermal, or wind, with the only significant addition for 
renewables being about 70 MW of landfill gas.  
 
Liquid fuel supply is dominated by oil and synthetic fuel (coal-to-liquids, CTL) refineries. Five 
new oil refineries add 1.5 million barrels per day by 2050. Five additional CTL plants are built 
over the period, each with a capacity of 80 000 barrels per day, i.e. each equal to half of 
Secunda. The costs of bringing forward water supply options are a potential constraint, with the 
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costs of securing a reliable supply potentially prohibitive under current economic conditions. In 
this Scenario, CTL plants are built without carbon capture and storage (CCS). 
 
The Growth without Constraints Scenario presents an economy and society based very much on 
the patterns and dynamics that dominate South Africa today. Mining and industry have declined 
and the composition of GDP moved even further into tertiary sectors. Growth without 
Constraints Scenario is really only likely if the world fails in its efforts around climate change, if 
oil remains cheap, and if South Africa can survive being isolated from a carbon conscious world. 
The SBT concluded unanimously that Growth without Constraints is neither robust nor plausible 
in a world that has come to grips with climate change. 
 
3.3.2 LTMS Scenario 2: Required by Science 
In this scenario, called the “Required by Science” scenario, South Africa joins the world 
community in taking action to stabilise GHG concentrations, and negotiates a target as its fair 
contribution to this shared vision. This scenario sees a South Africa in 2050 vastly different from 
South Africa today.  
 
The SBT sees new technologies dominate the electricity generation and transport sectors, and the 
renewable and nuclear technologies are taken up much earlier in the electricity mix, and at a 
much larger scale. It is assumed that large-scale investment in new technologies across the globe 
will have substantially reduced the unit costs of technologies, for example renewables. New 
technologies, notably hydrogen-based transport, will by then be the norm, with hydrogen being 
manufactured through non-carbon means. Although the largest emissions reductions are 
achieved in the energy and fuel sectors, a good proportion of emissions reduction come about 
through widespread changes in human behaviour patterns that underpin GHG emission. Much of 
this is achieved through awareness, as most citizens will be acutely concerned about emissions 
and adopting low emission lifestyles. 
 
Four Strategic Options were considered, which, when implemented together, would allow South 
Africa to achieve the “Required by Science” scenario. Figure 1.2 in chapter 1, illustrates the 
trajectory of the development plans prior to LTMS as well as of the trajectory of the LTMS 
scenario “Growth without constraints” and “Required by Science” scenario. The 4 strategic 
options under “Required by Science” scenario is also illustrated. The widening gap between 
91 
 
scenarios “Growth without constraints” and “Required by Science” could only be reduced by 
76% through implementation of the selected strategic options. 
 
These four strategic options are summarised as follows: 
1. The first set of actions is called the “Start Now” strategy, but it could only close the gap 
between the Growth without Constraints and the Required by Science scenarios. Only 
44% of the gap between the scenarios could be negated by Start Now actions. 
2. An extension of the Start Now package of actions was considered where South Africa is 
scaling up of the Start Now actions. “Scale Up” requires an ambitious plan for 
improvement in energy and industrial efficiency. Nuclear power and renewables for 
electricity give bigger emission reductions, but at a higher cost per ton of CO2. Start Now 
scenario, could save money while mitigating, but Scale Up results in a cost of R39 per 
ton CO2. Under Scale Up, 64% of the gap between the scenarios could be closed by 
2050. 
3. The third option is to get the market to work and promote the uptake of the accelerated 
technologies and to influence social behaviour through incentives and taxes. The tax 
levels considered in, “Use the Market” results in emissions reductions by using economic 
instruments – both taxes and incentives – to shift patterns of domestic investment. The 
key driver of Use the Market is a CO2 tax, a price change that makes the use of fossil 
fuels much less attractive, and induces an indirect effect of greater investment in low-
carbon technologies. The tax drives electricity supply to move away from coal to nuclear 
and renewables. Use the Market reduces emissions by 2050, closing the gap between 
Growth without Constraints and Required by Science by 76%. 
4. The fourth Strategic Option, “Reaching for the Goal,” could not be modelled with any 
accuracy as was done with the other options and was not realisable with currently known 
technologies. 
 
The emerging of new technologies and the discovery of new resources for example shale gas in 
the Karoo could play a significant role in switching from coal. Another factor that will greatly 
affect the success of the climate change is human behaviour in their willingness to switch to 
public transport, to live nearer to their workplaces, to build more energy efficient homes, to 
generate less waste and to live eco-friendly. Investment in energy-intensive sectors, which were 
at the heart of our economy in the previous century, would have to move towards a low-carbon 
economy. 
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Long Term Mitigation Scenarios: Strategic Options for South Africa (Scenario Building Team, 
2007b) made the following proposal to achieve the South African mitigation objectives. 
1. The key driver for success is a CO2 tax – a price change that makes the use of fossil 
fuels much less attractive, and induces an indirect effect of greater investment in 
low-carbon technologies. The SBT considered various levels of CO2 tax. Use the 
Market assumes that, over time, the price will rise from levels currently seen in 
carbon markets of R100/tCO2-e. The rising tax level is designed to approximate a 
phase of slowing emissions growth, stabilising emissions and ultimately reducing 
absolute emissions through a high carbon tax of R750/tCO2-e in the last decade. 
Taxes generate revenues, and these can be used to provide incentives. The tax drives 
electricity supply to move away from coal to nuclear, gas and renewable sources.  
2. No new coal plants are to be built and existing coal power supply declines rapidly 
from 2025, so that by 2040 only 4 GW of coal capacity is left. A total of 14 new 
conventional nuclear plants are built, adding 25 GW of new capacity by 2050. The 
renewables plants add a total of 118 GW by 2050 – 61 GW of solar trough, 42 GW 
of solar tower and 15 GW of wind. The price subsidy tilts the balance of alternatives 
towards renewables. By 2050 the total grid capacity is 151 GW. Under the Use the 
Market, with a CO2 tax, no new CTL (coal-to-liquid) plant is built, but only new oil 
refineries – five of them. CTL plants would only be built if a significantly higher oil 
price is assumed, and also if it is assumed that carbon capture and storage CCS was 
implemented at large scale or CTL became more carbon efficient by combining with 
other mitigation options such as biomass, other renewables, or nuclear.  
From the above it is clear that substantial changes will be required to government policies, 
business strategies, labour and skills development as well as socio-economic adjustments. An 
integrated master plan could align the consumption and production in the economy. Without a 
clear energy plan and the emerging crisis in electricity supply around 2008/2009 the uncertainty 
in the economy was delaying large infrastructure investment decisions, at a time where the 
country had to invest to host the 2010 football world cup tournament. 
 
 
 
 
93 
 
3.4 INTEGRATED RESOURCE PLAN – IRP2010 
Internationally there is strong support for the financing of renewable energy, with investments in 
renewables having eclipsed those for fossil fuel sources in 2009. With substantial pressures 
already on the national budget, the question was asked what power generation options are 
available for developing countries such as South Africa, that national and global markets are 
eager to exploit and finance.  
 
Renewable energy, and wind energy in particular, would appear to be attractive as the generation 
cost is converging to the cost of fossil fuel power generation. This was clearly aligned with the 
LTMS proposal, but the uncertainty in the policy environment was delaying investments in the 
energy sector. South Africa needed electricity desperately and the country has coal as its least 
cost energy resource. With the decision to build Medupi and Kusile power stations, the country 
will need to mine and burn coal for energy for the foreseeable future.  
 
Van der Merwe (2009) reported that South Africa produced about 250 million tonnes of coal 
annually. In the next ten years, it is estimated that about 48 million tonnes a year of this capacity 
will be lost as mines reach the end of their productive lives and close. Considering coal 
consumption by Eskom, Sasol and the metallurgical sector, as well as coal destined for export, 
the Chamber of Mines has determined that South Africa will need to produce about 384 million 
tonnes a year of coal by 2018. That leaves a gap of some 134 million tonnes a year of coal that 
will need to be filled. Eskom specialist coal consultant Johan Dempers previously indicated that 
South Africa would need to start up about 40 new coal mines at a cost of some R110 billion in 
order to meet the country’s electricity needs by 2020. 
 
Should South Africa rely on coal, then it will have to find ways of reducing GHG emissions. A 
centre for carbon capture and storage (CCS) has been established and is supported by numerous 
stakeholders. South Africa’s long term mitigation scenario (LTMS), which reacts to climate 
change, favours CCS as an important strategy for South Africa to significantly reduce its 
greenhouse-gas emissions. The LTMS calls for the possible capture and storage of about 5% of 
the country’s carbon dioxide emissions. The National Treasury has instituted a 2c/kWh levy on 
electricity generated from non-renewable resources, which came into effect from July 2010. It is 
essentially the country’s first carbon tax.  
The IRP2010 (McNamara, 2010b) represents the first transparent electricity planning efforts in 
the country. It is more an integrated energy plan for electricity than an integrated resource plan. 
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A valuable review of IRP2010 was published in December 2010 by McNamara (2010b) for the 
British High Commission, Camco and Trade and Industrial Policy Strategies (TIPS), describing 
the IRP 2010 as a planning framework for the management of electricity demand over a twenty 
year period from 2010 to 2030. A significant emphasis is placed on the timing and costs 
associated with delivering new generation capacity to the national electricity grid (‘the supply 
side’), as well as options and interventions related to energy efficiency and demand side 
management (DSM). The IRP document will be reviewed every two years and refined over time, 
including in relation to new information and the advancement of technologies. 
  
According to the research report by Camco,  Case Study – Renewable Energy and the Draft 
IRP2010( McNamara, 2010b), the IRP 2010, in its current form, models and assesses a range of 
potential scenarios to deliver the country’s future electricity demand, based on an assumed 
average economic growth of 4.6% over the twenty-year period. The IRP also projects that 
electricity demand by 2030 will require a massive increase in new generation capacity of     52 
248MW. This substantial increase in capacity is required in order to address projected demand, 
the decommissioning of a number of existing power stations in the country (commencing in 
earnest from 2022 onwards), and the need to provide for an adequate electricity reserve margin. 
Scenarios modelled and evaluated include  
1. the least cost plan (the Base Case),  
2. three GHG emission limit scenarios,  
3. a carbon tax scenario,  
4. a regional (Southern Africa) development scenario, and 
5. along with two ‘balanced’ scenarios.  
 
Modelling undertaken within IRP 2010 included the assessment of options for both including 
and omitting the Kusile coal-fired power station in the majority of scenarios developed. This 
approach followed concerns raised related to the availability of finance to deliver the project, as 
well as stakeholder inputs requesting that South Africa avoid further entrenching its coal-based 
assets without first assessing other options.  
 
After considering input from the stakeholders in the economy, the Department of Energy (DoE) 
with support from an Interdepartmental Task Team recommended a scenario referred to as the 
‘Revised Balanced Scenario’. According to the draft IRP, the ‘balanced scenarios represent the 
best trade-off between least-investment cost, climate change mitigation, diversity of supply, 
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localisation and regional development’. The proposed Revised Balanced Scenario outlined 
above does not represent a least cost plan, but includes planning decisions to achieve additional 
policy objectives relating to the reduction of future water consumption, the reduction of 
greenhouse gas emissions, support for regional development within Southern Africa and the 
diversification of the energy sources employed.  
The document is clear in its assessment of the importance of addressing climate change related 
concerns, stating that the primary externality factor that was considered in IRP 2010 was 
constraints around carbon emissions. The Revised Balanced Scenario requires 8% more 
additional funds, namely R820 billion against the R789 Billion required to achieve the Base 
Case, but is accompanied by a 30% reduction in GHG emission. Wind energy is clearly the big 
winner for renewables in the draft IRP 2010.  
 
Figure 3.2: Comparison of Least Cost Scenario and Revised Balanced Scenario  
(Percentage of Electricity Mix per Generation Type by 2030) 
 
Source:      McNamara (2010a: 4) 
 
While 2% of the overall generation mix by 2030 is expected to be made up of nuclear power, 
attempts in recent years to bring more nuclear energy to South Africa had to be dismissed, given 
the substantial costs involved. Allocation for nuclear might be utilised by emerging technologies 
in renewable energy with uninterrupted base load generation capabilities. The recommended 
Revised Balanced Scenario deviates to a considerable extent from the least cost plan, in favour 
of low carbon energy sources (renewable energy and nuclear). This is illustrated in figure 3.2, 
which contrasts the differences in the national electricity mix in the year 2030 under the two 
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different scenarios. A second round of public participation took place in November and 
December 2010, resulting in several changes to the model assumptions used in the plan, is 
reported by Kohler (2012) in the Research Channel report on South Africa’s Electricity Industry 
2012. It also report that the latest updated version, known as the Policy-adjusted IRP, or 
IRP2010, had been approved by Cabinet in the first half of 2011. The plan includes 14 000 MW 
of so-called “committed build” and 45 637 MW of projects, which are termed “new build 
options.” Together with the country’s existing capacity, less the capacity that will be 
decommissioned in the period, the committed and new-build projects will contribute to a total 
system capacity of 89 532 MW in 2030. Table 3.1 provides an overview of the targets set for 
2030 by the approved Policy-adjusted IRP, as Kohler (2012) reported in the 2012 report on the 
electricity sector.  
 
In the policy adjusted IRP 2010 that around 45.9% of the total electricity generation by 2030 
will be sourced from coal-fired facilities, which will have a total capacity of 41 071 MW in 
2030. Nuclear power, of which there will be 11 400 MW in 2030, will represent 12.7% of the 
total power generation. It will be followed by wind power (10.3%) and solar photovoltaic (PV) 
power (9.4%), while concentrated solar power (CSP) will represent 1.3% of the total, which 
means that renewable power sources will represent 21% of the total capacity. Other power 
sources mentioned in the plan include open-cycle gas turbines (OCGTs) (8.2% of the 2030 
total), combined-cycle gas turbines (CCGTs) (2.6%), pumped storage (3.3%) and hydropower 
(5.3%). Key changes in the policy adjusted IRP relative to the previous revised balanced 
scenario IRP include a significant increase in the amount of power to be derived from new-build 
renewable sources, from 11 400 MW in the previous version to 17 800 MW. This increase is 
believed to be suggestive of a desire to encourage greater private-sector participation in 
electricity generation, with Eskom itself having a strong focus on coal and nuclear power 
(Kohler, 2012).
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Table 3.1: Policy-adjusted Integrated Resource Plan
 
Source: Kohler (2012: 4)
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3.5 NATIONAL  CLIMATE CHANGE RESPONSE - WHITE PAPER 
In October 2011 the South African Government published a white paper on their response to 
climate change. The document presented Government’s vision for an effective climate change 
response and the long term transition to a climate-resilient and lower-carbon economy and 
society. The overall strategic approach for the climate change response is needs driven and 
customised; developmental; transformational, empowering and participatory; dynamic and 
evidence-based; balanced and cost effective; and integrated and aligned (South African 
Government, 2011). In terms of adaptation to climate change the focus will be on resilience to 
climate variability and extreme weather events. 
 
South Africa’s approach to climate change mitigation wants to balance transition to a lower-
carbon economy with the requirement to successfully tackle the development challenges it 
faces. Government wants to define desired emission reduction outcomes for each significant 
sector and sub-sector of the economy based on an in-depth assessment of the mitigation 
potential, best available mitigation options, science, evidence and a full assessment of the 
costs and benefits. Furthermore it wants to adopt a carbon budget approach to provide for 
flexibility and least-cost mechanisms for companies in relevant sectors and/or sub-sectors 
and, where appropriate, translating carbon budgets into company level desired emission 
reduction outcomes. Once emission targets are determined, companies and economic sectors 
or sub-sectors for which desired emission reduction outcomes have been established have to 
prepare and submit mitigation plans on how they intend to achieve the desired emission 
reduction outcomes (South African Government, 2011).  
 
An optimal mix of mitigation actions will be developed to achieve the defined desired 
emission reduction outcomes for each sector and sub-sector of the economy by ensuring that 
actions are specifically tailored to the potential, best available solutions and other relevant 
conditions related to the specific sector, sub-sector or organization. To facilitate, Government 
will deploy a range of economic instruments to support the system of desired emissions 
reduction outcomes, including the appropriate pricing of carbon and economic incentives, as 
well as the possible use of emissions offset or emission reduction trading mechanisms for 
those relevant sectors, sub-sectors, companies or entities where a carbon budget approach has 
been selected. A national monitoring and evaluation system will be introduced for accurate 
data collection on GHG emissions. South Africa Government (2011) stated that it will, within 
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two years of the publication of the white paper, design and publish a draft Climate Change 
Response Monitoring and Evaluation System. 
For job creation, the National Climate Change Response aims to limit jobs’ contraction to 
those areas of the economy where excessive carbon intensity is unsustainable, whilst 
promoting and expanding the green economy sectors. The National Climate Change 
Response also aims to promote investment in human and productive resources that will grow 
the green economy. To achieve this, Government will assess the vulnerability of the different 
economic sectors to climate change and develop Sector Job Resilience Plans (South African 
Government, 2011). 
 
 
3.6 THE NEW GROWTH PATH FRAMEWORK 
In November 2010 the New Growth Path framework was released by the Department of 
Economic Development, aimed to enhance growth and to create employment. The policy’s 
principal objective was to create five million jobs over the next 10 years. This framework 
reflects government’s commitment to prioritising employment creation in all economic 
policies. It identifies strategies that will enable South Africa to grow in a more equitable and 
inclusive manner. The New Growth Path required massive investments in infrastructure as the 
key driver of employment creation in the economy.  
 
The New Growth Path identifies five priority areas as part of the programme to create jobs, 
through a series of partnerships between the State and the private sector. Sustaining high 
levels of public investment in these areas will create jobs in construction, operation and 
maintenance of infrastructure. Energy was one of the selected areas with expansions in 
construction and the production of technologies for solar, wind and biofuels are supported by 
the draft Energy and Integrated Resource Plan. Clean manufacturing and environmental 
services are projected to create 300 000 jobs over the next decade is reported on the website 
of (South African Government, 2010a).  
 
As part of the New Growth Path framework, there were some commitments (accords) signed 
between various Government departments, organized labour movements, and communities 
represented in NEDLAC. Climate change was identified as one of the opportunities for 
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growth and employment and the associated publication, Green Economy Accord, described 
the growth areas identified by the New Growth Path, related to climate change. The main 
focus was on renewable energy and expanding manufacturing capabilities in the renewable 
energy domain, step-up the roll-out of one million solar water heaters, establishing of biofuels 
industry and mandatory blending of biofuels with petrol and diesel, investing in clean coal 
research for commercialization, higher levels of recycling, energy efficiency and retrofitting 
of energy efficient equipment and appliance (South African Government, 2010b).  
Due to its strong focus on employment, the New Growth Path is firmly supported by the 
organized labour movements, but severely criticized by business. Even before the release of 
the NGP in November 2010, Government has appointed the National Planning Commission 
in May 2010, to draft a vision and national development plan for South Africa. The relevance 
of the New Growth Path has deteriorated since August 2012, after the publication of the 
National Development Plan. 
 
 
3.7 NATIONAL DEVELOPMENT PLAN 
The National Planning Commission (NPC) was tasked to draft a vision and national 
development plan for South Africa. The NPC is an advisory body consisting of 26 people 
drawn largely from outside government. After releasing a draft plan in November 2011, the 
NPC held extensive consultations with South Africans, including government, unions, 
academics, industry bodies, non-profit organisations, religious associations and the general 
public. The response and the inputs have helped to strengthen the proposals made in the plan 
was reported on the website of South African Government (2012). South Africa info (2012) 
published a statement on 10 September 2012 that the South African Government 
“acknowledged the NDP as a strategic framework to form the basis of future government 
detailed planning.” 
 
The policy adjusted IRP2010 has been incorporated into the NPC (2012) and cascaded into 
the shorter Industrial Policy Action Plans. The NDP seems indecisive on the nuclear build 
programme due to prohibitive costs of nuclear and recommends open cycle gas turbines 
should nuclear be too costly. Where the IRP only looked at electricity supply, the NDP also 
addresses liquid fuels, upgrading of existing refineries or building new refineries to ensure the 
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refined products meet new fuel quality standards and increasing imports to supply growing 
demand for petroleum products.  
 
In the publication it is clear that the NDP accepted the IRP2010 targets for electricity, as 
summarized Table 3.1, when it stated that by 2030: 
1. More than 20 000 MW of renewable energy will be contracted, which includes an 
increasing share from regional hydroelectricity, provided this is an affordable target. 
2. About 11 000 MW of Eskom's older coal powered stations will be decommissioned, 
but close to 6 000 MW of new coal capacity will be contracted with some part of it 
imported from other southern African countries (subject to South Africa's 
commitments in climate-change negotiations). 
3. Cleaner coal technologies will be promoted through research and development 
investments and technology-transfer agreements in, among others, the use of ultra-
supercritical coal-power plants, fluidised-bed combustion, underground coal 
gasification, integrated gasification combined cycle and carbon capture and storage. 
4. The extent of economically recoverable coalbed seam and shale gas reserves will be 
understood. Subject to acceptable environmental controls, these gas resources, 
supplemented by liquefied natural gas imports, will begin to supply a growing share 
of power production. This could avoid the need for further baseload nuclear 
generation. 
5. Rising energy prices, an economy-wide carbon tax with sector exemptions, coupled 
with direct action (such as the implementation of the Integrated Resource Plan in the 
electricity sector; scaled taxes on the sale of high-emission vehicles, equipment and 
building standards; and targeted energy efficiency programmes) will drive South 
Africa's energy sector on a path to lower carbon and energy intensity.  
6. At least 90% of South Africans will have access to grid electricity, with the remainder 
meeting their energy needs from off-grid sources.  
7. Hybrid and electric vehicles will be more widely used. 
 
In terms of liquid fuel the NDP is more vague on the preferred strategy. South Africa 
produces about 50% from local crude oil refineries, about 35% from coal and about 5% of its 
fuel needs from gas while some 10% refined products are imported from refineries elsewhere 
in the world. South Africa also needs to improve the standards of fuels used, for health 
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reasons and to accommodate more efficient engines that will reduce fuel demand and carbon 
emissions (NPC, 2012). 
 
South Africa’s  refining capacity has run out and it has to import around 10% of its refined 
fuel needs. NPC (2012) identified the following options to deal with liquid fuel: 
1. Gas stocks for the existing gas-to-liquids plant from off-shore fields are declining. 
South Africa should source sufficient feedstocks to support GTL production. If there 
are no feedstock constraints, the Mossgas plant will be able to increase its production 
by about a third through major new investment. There are several options to secure 
feedstocks: 
a. Invest in gas fields close or adjacent to existing fields in the southern Cape. 
This is the best option, as marginal costs are lower. This will also allow further 
exploitation of existing fields, maximising use of existing capital.  
b. In the longer term, the Mossel Bay Refinery could use either liquefied natural 
gas imports or Karoo shale gas, if it becomes available. 
2. Build a new oil-to-liquid refinery (the proposed Mthombo project in Coega needs to 
produce 400 000 barrels per day to be economically viable, but production will then 
exceed demand and surplus product would have to be sold at a loss on the 
international market. With no pipeline infrastructure from Coega to Gauteng the 
project is uneconomical, but with the new pipeline from Durban to Gauteng, the 
refinery would be feasible in Durban.This decision is now postponed until 2017). 
3. Build a new coal-to-liquid refinery of 80 000 barrels per day. The process is heavily 
carbon intensive, and with a carbon tax of US$25 a ton, it will look less attractive. 
4. Upgrade the existing refineries to meet higher product specifications, allow significant 
expansion of one or more of the existing refineries or do both. 
5. Import the required quantities of refined product. 
6. Build a refinery in Angola or Nigeria and buy a share of the product of that refinery. 
 
As reported in the Daily Maverick of 12 June 2013 the NDP as the economic blueprint to 
2030 do have opposition from within Government and from various interest groups in the 
economy, however, the strategy related to energy is not seriously contested (Patel & 
Nicolson, 2013). It was the reluctance of the National Planning Commission to endorse 
nuclear that drew attention. In this study the major concerns are levelled at certain economic 
objectives that seem to be over optimistic, such as: 
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1. The unemployment rate should fall from 24.9% in June 2012 to 14% by 2020 and to 
6% by 2030. This requires an additional 11 million jobs. Total employment should 
rise from 13 million to 24 million. 
2. The proportion of adults working should increase from 41% to 61%. 
3. The proportion of adults in rural areas working should rise from 29% to  
40%. 
4. The labour force participation rate should rise from 54% to 65%. 
5. Gross Domestic Product (GDP) should increase by 2.7 times in real terms, requiring 
average annual GDP growth of 5.4% over the period.  
6. GDP per capita should increase from about from about R50 000 per person in 2010 to 
R110 000 per person in 2030 in constant prices. 
7. Exports (as measured in volume terms) should grow by 6% a year to 2030 with non-
traditional exports growing by 10% a year. 
8. Increase national savings from 16% of GDP to 25%. 
9. The level of gross fixed capital formation should rise from 17% to 30%, with public 
sector fixed investment rising to 10% of GDP by 2030. 
10. Public employment programmes should reach one million by 2015 and 2 million 
people by 2030. 
 
The critisism against items are that it  implies around 550 000 new sustainable jobs per 
annum for the next 20 years. In the past 30 years South Africa could only create 500 000+ 
jobs per year between 1995 and 2000, largely due to a ballooning government and public 
services. With population growth around 1.2% per annum, the total population would exceed 
63 million by 2030. Should the unemployment rate decline to 6%, it means the total 
workforce would only be around 25.5 million from a 63 million, which is 40% of the 
population. Although this is higher than the current 38% of the population, the age 
demographic of the population is very skew.To simplify it, it can be argued that every person 
currently alive, and younger than 45 years, should be economic active in 2030, if still alive. 
From a 47.2 million in 2010, some 37.5 million were younger than 45years of age. 
 
The forecasted GDP growth at 5.4%  and GDP per capita growth in real terms from R50 000 
to R110 000 by 2030 is very unlikely. In the NDP report it shows how export volumes have 
been declining over time, yet the objective is to see a 6% increase in export volumes. Total 
savings as percentage of GDP has been declining for the past 30 years while household debt 
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levels has increased. Also the NDP expects savings rates to improve from 16%  to 25% while 
millions of young people enters the  job market with a willingness to discount future income 
for debt to finance their consumption.  
The overall impression of the NDP is that it wants to create large number of employment 
opportunities by an expanded public works programme and creating infrastructure that it 
cannot afford after it has already overspend its income on social upliftment programmes. 
 
 
3.8 INDUSTRIAL POLICY ACTION PLAN (IPAP) 
The Industrial Policy Action Plan issued by Department of Trade and Industry has 
a focus on the country’s manufacturing sector to create jobs. The IPAP is fundamentally 
about raising private investment through programmes that are consulted intensively with 
business and labour. An IPAP is issued to guide industrial actions for a period of three years. 
DTI (2011) as the plan for the three years 2011-2014, also known as IPAP2, stated 
that South Africa achieved reasonably high growth rates, during the 2005 to 2007 period 
prior to the global economic crisis of 2008 and 2009. However, these growth rates mask key 
structural challenges in the South African economy. Growth leading up to the crisis was 
driven increasingly by unsustainable increases in private credit extension and consumption 
not sufficiently underpinned by growth of the production-driven sectors of the economy. 
Consumption-driven sectors (i.e. finance and insurance, real estate, transport and storage, 
communication, wholesale and retail, catering and accommodation) grew by 7.1% annually 
between 1994 and 2010. By contrast, production-driven sectors (i.e. agriculture, mining, 
manufacturing, electricity and water, and construction) grew by only 2.4% annually. This has 
led to large and unsustainable imbalances in the economy particularly in the form of a large 
current-account deficit (DTI, 2011).  
 
To reverse this phenomenon, IPAP2 sets out a broad approach to industrialisation until 2014: 
1. To promote increased value-addition (beneficiation) of non-traditional tradable goods 
and services that compete in export markets and also replacement of imports; 
2 To ensure the long term intensification of South Africa’s industrialisation process and 
a movement towards a knowledge economy; 
3 To promote a more labour-absorbing industrialisation path, with the emphasis on 
goods and services, and economic linkages that create employment; 
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4 To promote industrialisation, characterised by the increased participation of 
historically disadvantaged people and marginalised regions in the industrial economy;  
5 To contribute towards industrial development in Africa, with a strong emphasis on 
developing the continent’s productive capacity. 
 
The strategies selected to achieve the above-mentioned goals are summarized as: 
1 A procurement policy to advance Black Economic Empowerment, specified levels of 
local content in domestic production,  localization and supplier development in 
procurement by the State Owned Enterprises. 
2 Increase the industrial financing resources of the Industrial Development Corporation. 
3 Increase competition through actions by Competition Commissioner against 
businesses that collude on prices or other anti-competitive behaviour. 
4 Export promotion and alignment of rebates and duties.  
5 Industries that will create employment through industrialisation will be enabled to 
attract large infrastructure developments. The industries identified are automotive, 
forestry, clothing and textiles, iron and steel, and green industries. 
 
It is the view in the Industrial Policy Action Plan (DTI, 2011), that the “Green 
Economy” is a major new thrust for the South African economy that presents multiple 
opportunities to create jobs and value-adding industries. IPAP2 will focus on the 
manufacturing aspects of the Green Economy; namely Green Industries and Industrial Energy 
Efficiency. It will also champion the South African Renewables Initiative (SARi) aimed at 
drawing in international concessional funding to achieve greater critical mass of renewable 
energy generation hand-in-hand with localisation of manufacturing related to renewables. 
 
It is further stated that IPAP2 has a particular role to play in creating employment and growth 
in the economy, through its focus on value-adding sectors that embody a combination of 
relatively high employment and growth multipliers, as measured through backward linkages. 
Manufacturing linked through inputs from the primary sectors and other manufacturing and 
services sectors and transformation of such resources into higher-value products stimulates 
employment along the entire value chain. It also provides an additional impetus to 
employment and growth through forward linkages to ‘downstream’ sectors, predominantly in 
services.  
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However, considering the listed growth multipliers of the South African economy as supplied 
by IPAP2, the electricity gas and water industry has a growth multiplier of 2 whereas the 
growth multiplier for the majority of industries ranges from 2.3 to 3. It is therefore an 
industry that generates below average economic growth. When IPAP2 lists the employment 
multipliers, it is even more alarming as the employment multiplier for electricity, gas and 
water industry is around 2.5 while most other industries were in the 6 to 10 range and some 
industries even beyond that. The “Green Economy” is therefore hardly the best suited strategy 
for economic growth or employment creation. The argument that the country will focus on 
manufacturing of equipment for the green economy to generate growth and employment is 
hardly achievable as existing suppliers of such equipment is already well established. South 
Africa has no proven leadership position on any of the renewable energy technologies and it 
is far behind the leading nations with regards to skills and experience related to 
implementation of renewable energy projects. 
 
Apart from using the growth and employment multipliers that are performing below average, 
relative to other industries, there seems to be other factors that complicate the judgement of 
Government regarding the green economy and energy supply in general.  
1 Availability of funding for specific types of technology determines which projects 
would be considered. This leads to a slow deployment in new renewable energy 
technologies as the mature technologies use its “bankability” status to dominate the 
renewable sector together with parties with vested interest in mature technologies. 
2 A strong and very active lobby group for nuclear as a base load energy resource, 
despite the recent nuclear accident in Japan. Nuclear is very capital intensive, requires 
a very long construction period, is built mostly by foreign suppliers, spent fuel 
(nuclear waste) disposal sites, risk of contamination after an accident and very few 
employment opportunities once in operation. 
3 Requirements on the procurement strategy to promote black economic empowerment, 
local content requirements, localisation of production, supplier development and 
labour policies discourages many potential foreign suppliers to invest in South Africa, 
or tend to create complications and slower implementation of projects. 
4 A very strong emphasis on infrastructure development as a way to create 
employment. However, this seems to be a matter of short term employment creation 
against long term maintenance cost. Due to fewer employment opportunities in 
107 
 
maintenance of infrastructures, not enough focus is placed on maintenance of existing 
but deteriorating infrastructure such as roads, rail or water installations. 
Carbon Asset Management Company (CAMCO) in cooperation with British High 
Commission and Trade and Industrial Policy Strategies (TIPS) published a report in May 
2010 (McNamara, 2010a) that considers the ‘secondary’ impacts that climate change could 
have on various sectors of South Africa’s economy. It concludes that efforts to maintain short 
and medium-term growth can no longer ignore the implications of climate change for 
business and the economy. Many of the commercial implications of climate change are 
already being experienced in developing countries such as South Africa, driving private 
sector innovation but also creating new areas of economic vulnerability.  
 
Areas of significant opportunity for the encouragement of domestic manufacturing content 
can be found in the promotion of energy efficient equipment and machinery, the development 
of renewable energy technologies, as well as public transport infrastructure and equipment. 
The areas of significant opportunity for labour intensive business growth that includes 
support of jobs for unskilled and semi-skilled workers can be found in farming of organic 
produce, cotton production, managed biofuel development, enhanced fire control as well as 
recycling programmes. Furthermore the promotion of energy efficient buildings, construction 
of public transport and the renewable energy infrastructure manufacture and build would 
create employment opportunities for skilled workers. There are also substantial economic 
opportunities for high skill and high wage employment in the tertiary sector through the 
development of carbon markets and a host of professional services. 
 
At the same time, McNamara (2010a) sees a number of climate liabilities that have the ability 
to be transformed into opportunities to enhance competitiveness, access external support and 
deliver new products and services. A number of pro-climate initiatives are also of significant 
value in promoting sustainable development in South Africa. This includes through 
substantial job creation, poverty alleviation, energy security and economic growth benefits in 
the Agriculture, Manufacturing, Electricity, Construction and various Services sectors. 
 
Irrespective of national or global commitments to mitigation efforts, key elements of the 
climate challenge will remain, and key opportunities will be open to the country. Proactive 
responses across the private and public sector are required to address climate change in South 
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Africa effectively. Successful management of this global challenge will require short-term 
pragmatism and longer-term planning, linking business, government, labour, NGOs and the 
research community in support of low carbon growth. 
 
 
3.9 INDEPENDENT SYSTEM AND MARKET OPERATOR (ISMO) 
The Department of Energy introduced the concept of the Independent System and Market 
Operator (ISMO) into the energy sector. ISMO would buy electricity from Eskom and other 
producers, and sell it to customers. The focus with the ISMO is to ensure that Independent 
Power Producers (IPPs) have fair access to the transmission of wires and that the transmission 
plan was not structured in a way that was unfair to the IPPs. Before an IPP can sell electricity 
onto the national grid it has to sign a power purchase agreement (PPA) that lay out the grid 
code to adhere to. 
 
 A task team, consisting of the Departments of Energy and Public Enterprises, National 
Treasury and Eskom, had been set up to prepare inputs for the processing of the Independent 
System and Market Operator Bill. The transfer of assets and liabilities and transmission 
responsibilities from Eskom to ISMO after its establishment, would result in a variety of 
contractual and regulatory issues. Restructuring and removing transmission assets from 
Eskom changed its risk profile and Eskom would be downgraded below investment rate 
(Parliamentary Monitoring Group, 2013). Transmission assets were identified as low risk 
assets that make it easier to access finance. The ISMO is a high risk entity since it would be a 
newly established business with no strong balance sheet and would need substantial support 
from government.  
 
Eskom is currently the holder of the Transmission Licence therefore, NERSA (Energy 
Regulator) needs to consider the best way to deal with the ISMO licence. NERSA has to 
decide whether it will revoke Eskom’s current licence and issue a new licence to the 
Transmission System Operator (TSO) or assign the current Eskom licence to the TSO. 
 
Currently Eskom intellectual property (IP) and information technology (IT) systems control 
the transmission of electricity. The TSO would require access or ownership of significant 
amounts of Eskom’s IP. Many of Eskom’s IT systems that would be required by the TSO are 
jointly owned by Eskom transmission and generation divisions and not only by transmission. 
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Eskom is entitled to fair compensation for their transmission assets and other assets such as IP 
and IT, the supply of skills and resources. Eskom is also responsible for the debt instruments 
placed in the market to finance the assets and transmission business, operated under license 
agreement with the TMO.   
 
 
3.10 INDEPENDENT POWER PRODUCERS (IPP’s) 
In many large infrastructure projects, especially where funding could be a problem, the public 
sector will form joint ventures with private sector businesses to deliver the project. To enable 
private businesses to become independent power producers, governments have created feed-
in tariffs at which governments will purchase renewable energy from such power producers. 
There are several measures such as tax incentives, grants, funding guarantees and others 
whereby governments can create an enabling environment for private sector participation. 
 
South Africa has two acts that direct the planning and development of the country’s 
electricity sector: 
      1. The National Energy Act of 2008 (No. 34 of 2008). 
      2. The Electricity Regulation Act (ERA) of 2006 (No. 4 of 2006). 
The ERA was amended in 2011 to include the New Generation Regulations that establish 
rules and guidelines that would be applicable to the IPP Bid Programme and the procurement 
of new generation capacity from IPPs. It facilitates the fair treatment and non-discrimination 
between IPPs and the buyer of the energy. The Single Buyer Office (SBO), housed within the 
System Market Operator Division, was established in 2007. Currently the SBO consists of a 
core team, with support from Eskom staff providing the necessary expertise complemented by 
advisors as required: The SBO deals with all IPP programmes. Eskom has the following 
dedicated website “Guide to Independent Power Producer (IPP) processes” to assist IPPs: 
 http://www.eskom.co.za/c/73/info-site-for-ipps/.   
 
South Africa has good Renewable Energy potential and has a target of 10 000 GWh of 
Renewable Energy. The Department of Energy has determined that 3 725 megawatts (MW) 
to be generated from Renewable Energy sources to ensure the continued uninterrupted supply 
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of electricity. This 3 725 MW is broadly in accordance with the capacity allocated to 
Renewable Energy generation in IRP 2010-2030. For the first two procurement events, called 
“bid windows” the total capacity offered by successful bidders was: 
a. 1 415.5 MW in the first bid window  
i. 634 MW of onshore wind capacity. 
ii. 631.5 MW of solar PV capacity. 
iii. 150 MW of solar CSP capacity. 
b.  1040.42 MW in the second bid window. 
i. 558.9 MW of onshore wind capacity. 
ii. 417.12 MW of solar PV capacity. 
iii. 50 MW of solar CSP capacity. 
iv. 14.4 MW small hydro capacity. 
 
3.10.1 Feed-in tariffs 
The tariff payable to IPPs to supply electricity to the national or utility owned distribution 
grid is commonly known as the feed-in tariff, and in the case where electricity is generated 
from renewable sources it is called REfit. These tariffs are pre-determined and will endure for 
a specified time with the purpose to regulate a single market distribution channel and reduce 
uncertainty for financing power generation. In Chapter 2 the feed-in tariffs were briefly 
mentioned in an international context, and in this section it will be analysed within the South 
African market. The cost of technology decline over time and more operators enter the 
industry to supply electricity at lower cost. South Africa entered the renewables fairly late and 
can benefit from learning rates and lower innovation cost. The feed-in tariffs need to be 
dynamic and needs to be managed towards the tariffs of electricity generated from other 
sources such as coal and hydro resources. 
 
The high costs of producing renewable energy make REfit necessary. The National Energy 
Regulator of South Africa (NERSA) determines and regulates REfit in South Africa to align 
it with the IRP2010 that sets out the government's energy plans for the next 20 years. NERSA 
has proposed criteria such as financial status (debt/ equity ratio), technical expertise, 
experience, deep connection costs, state of readiness with impact assessments and civil 
aviation approvals. NERSA went through a public process to determine feed-in tariffs and the 
rates they came up with balances the competing demands of meeting costs and encouraging 
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uptake, but the intention is to review the REfit on a regular basis. One of the difficulties the 
government will face in determining who gets in on the tariffs is that the REfit system does 
not allow for one independent power producer (IPP) to be selected over another on the basis 
of price competitiveness, but on the points scored on the rating matrix. 
 
NERSA said in its release that the REFIT rates are based, as in most European countries, on 
the cost of generation plus a reasonable profit. The tariffs for wind energy and concentrating 
solar power are among the most attractive worldwide was reported in the Mail & Guardian 
(Faull, 2010).  
1. The tariff for wind energy of ZAR1.25/kWh (€0.104/kWh, $0.14 USD/kWh, $0.17 
CAD/kWh) is greater than that offered in Germany (€0.092/kWh) and more than that 
proposed in Ontario, Canada ($0.135 CAD/kWh). 
2. The tariff for concentrating solar  at ZAR 2.10/kWh (€0.175/kWh), is less than that in 
Spain (€0.278/kWh), but offers great promise in the bright sunlight of South Africa. 
3. The tariff for small hydro is ZAR0.94/ kWh. 
4. The tariff for landfill gas is ZAR0.90/ kWh. 
REfit rates are likely to be revised downwards over the next few years as the price of 
technologies such as photovoltaic solar has halved between 2008 and 2010. There is currently 
a major scramble among renewable energy project developers to get in on the REfit while 
they are still at their highest levels (Faull, 2010). 
 
Around 2 000 MW of independent power generation will be realizable after approval of co-
generation feed-in tariffs by NERSA. Njobeni (2011) reported co-generation feed-in tariff as 
a government-driven mechanism to promote the deployment of co-generation plants by 
giving developers of such projects a predetermined price at which to sell their electricity. In a 
paper on the co-generation feed-in tariff released, NERSA said the tariff will reward co-
generation projects that contributed power to the national electricity grid.  
 
These large scale projects will ease the pressure on Eskom who has already concluded power 
purchase agreements with independent power producer IPSA, petrochemicals group Sasol 
and pulp and paper group Sappi. NERSA said it would grant a generation licence to co-
generation independent producers for a period of at least 15 years. The co-generation feed-in 
tariff would be reviewed each year for the first five years and every three years thereafter. 
The co-generation power purchase agreement, in terms of which the power will be sold, 
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would be for a year and would be negotiated between the buyer and the seller of the 
electricity. 
 
 
3.11 TRANSPORTATION FUEL 
Business Report (Salgado, 2011)  reported that South Africa’s first clean fuels programme 
was implemented in 2006 with the banning of lead from petrol and the reduction of sulphur 
levels in diesel from 3 000 parts per million (ppm) to 50 ppm, along with a niche grade of 
50ppm. On 8 March 2011 the South African government released the proposals to implement 
cleaner fuel standards by 2017, by which South Africa should be brought in line with Euro 5 
fuel specification standards. The Clean Fuels 2 proposal includes the reduction of sulphur to 
10ppm; the lowering of benzene from 5% to 1% of volume; the reduction of aromatics from 
50% to 35% of volume; and the specification of olefins at 18% of volume. The Clean Fuels 2 
programme would start in 2013 by importing fuel on the new standards and by local 
production in coal-to-liquid and gas-to-liquid fuel refineries of Sasol and PetroSA. The new 
fuel specifications would facilitate the introduction biofuels into the local market that are 
compatible with the relevant EU standards. The government envisaged the first oil refinery 
complying with the new fuel standards by 2015 and the last refinery by 2017. 
 
Government postponed a decision on how motorists and oil producers would fund the 
required upgrades to refineries, estimated to cost R25 billion. The costs of an upgrade would 
be passed on directly to consumers in an unregulated market, but South Africa’s fuel industry 
was regulated. SA Petroleum Industry Association (Sapia)  said funding would be a key 
challenge in the way ahead and urged government to speed-up the process to obtain 
regulatory certainty in order to enable the oil companies to make the substantial investments 
needed (Salgado, 2011). Through the ownership of PetroSA, the government will understand 
the challenges and risks that face the refineries and oil companies and what needs to be done 
to enable the private sector to implement this part of the master plan. Unfortunately, it also 
places government in a compromised position where it could create legislation and policies 
that benefit government owned enterprises at the expense of private owned businesses. 
 
The Department of Energy has set the date of 1 October 2015 from which fuel producers will 
have to blend diesel and petrol with biofuels. The fuel producers would be required to blend a 
minimum of 5% biodiesel in diesel and between 2% and 10% of bio-ethanol in petrol. 
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Canola, sunflower and soya are feedstock for biodiesel, while sugarcane and sugar beet are 
feedstock for ethanol. 
 
National Biofuels Study (2006) concluded that biofuels could contribute to achieving the 
renewable energy target, without excessive incentives. The biofuels industry would bring job 
creation benefits, economic growth support and foreign exchange savings. It would also be 
positive for the agricultural sector, for rural areas, and an opportunity to enable emerging 
farmer development. The Department of Energy has set the date of 1 October 2015 from 
which fuel producers will have to blend diesel and petrol with biofuels. The fuel producers 
would be required to blend a minimum of 5% biodiesel in diesel and between 2% and 10% of 
bio-ethanol in petrol (Government Gazette, 2012). Canola, sunflower and soya are feedstock 
for biodiesel, while sugarcane and sugar beet are feedstock for ethanol. Biofuels have a far 
higher job-creation potential, of up to 100 times that for refining of imported crude oil. In 
South Africa, E10 has the potential to create about 50 000 direct jobs, mostly in rural areas 
was reported in the National Biofuel Study, (2006). 
 
 
3.12 GATEWAY FOR BUSINESS INTO SUB-SAHARA AFRICA 
 South Africa is well positioned to take a leading role in carbon reduction projects in sub-
Sahara Africa. It has well developed financial markets, entrepreneurs with competitive 
businesses and a healthy economy. Information disclosed in The African Carbon Asset 
Development Facility (ACAD) (2010) press release, reported that in 2009 around US$84 
billion was invested in 684 emerging market emissions reduction projects, worldwide, but 
African countries shared only 2% of the total. It revealed that according to statistics from the 
UNEP Risoe Center, who is leading UNEP activities related to carbon finance and the 
Clean Development Mechanism (CDM), that only South Africa and Kenya have more than 
10 projects in the CDM pipeline. Even without any additional stimulus, the 140 sub-Saharan 
African projects currently in the CDM pipeline would create 85 million carbon credits worth 
over US$1.25 billion by 2012.  
 
Although the public and private sector are now placing more focus on sustainable 
development initiatives, and the Green Economy in particular, support for eco-
entrepreneurship remains weak in many countries across Africa. Entrepreneurs can transform 
markets, but realizing Africa’s abundant renewable energy and climate mitigation potential, it 
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is critical to develop private sector skills and reconsider the concepts across commercial 
finance and investment (African Carbon Asset Development Facility (ACAD), (2010). 
 
The Forum for Agricultural Research in Africa (FARA), Imperial College London, and 
CAMCO International have released a report indicating bioenergy crops can be produced in 
west, eastern and southern Africa without compromising food production of natural habitats. 
Diaz-Chavez, Mutimba, Watson, Rodriguez-Sanchez and Nguer (2010) in the FARA report 
Mapping Food and Bioenergy in Africa find enough land available to significantly increase 
the cultivation of crops such as sugar cane, sorghum, and jatropha for biofuels without 
diminishing food production.  
 
ACAD helps African bankers learn more about carbon finance and to facilitate investment in 
green development projects across Africa. Many South African companies are already 
involved in some of these projects, but South Africa has not really seized the opportunity to 
develop Africa. China has seen the opportunity to do forward integration in their production 
supply chain and to get control over resource supplies in Africa through infrastructure 
developments in Africa. This is a valuable lesson for South Africa (African Carbon Asset 
Development Facility (ACAD), (2010). 
 
 
3.13 CONCLUSION 
In this chapter the similarities between rebuilding of East Germany and post-apartheid South 
Africa were compared. Germany realised after 10 years that there needs to be a master plan, 
implemented by a public-private partnership. Subsequently, Berlin was developed to the 
leading city in Europe. South Africa can learn much from Germany with their rebuilding of 
Eastern Germany. 
  
This chapter wanted to analyse the response of South Africa to the challenges of climate 
change and the contribution by Government to develop a business environment that would be 
conducive for business to engage with Government in the fight against climate change. The 
first major step was the LTMS where a dedicated scenario building team from top research 
institutions, economists and Government worked together to develop the scenarios for 
“Growth without constraints”  and “Required by Science” as well as the strategies that are 
needed to be implemented to pursue the scenario “Required by Science”. 
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The work done for LTMS has been the foundation for the IRP2010 energy plan issued by the 
Department of Energy, but unfortunately the IRP2010 was only focused on the electricity 
sector and its needs between 2010 and 2030. After two rounds of consultations with 
stakeholders the final “policy- adjusted IRP2010” was accepted. During the consultations, the 
quantity of nuclear power in the energy mix has been reduced twice while the contribution of 
renewable energy increased. The IRP2010 became the foundation for the NGP strategic plan 
issued by Department of Economic Development and the subsequent NDP issued by the 
National Planning Commission. The more labour intensive NGP is supported by the 
organized labour movements, but criticized by business and was in essence replaced by the 
NDP in 2012 and approved as the national strategic plan to 2030.  
 
In the NDP the infrastructure development programmes are mostly executed through 
inefficient State Owned Enterprises. Substantial increases in renewable energy are included in 
the NDP. Feed-in tariffs and carbon tax are emotional topics and should be dealt with 
carefully as it affects cost of energy and many other areas such as employment. The NDP is 
not free of criticism and different sections of the plan are criticized by different groups. The 
NDP as the blueprint plan to 2030 is criticised by business leaders for implementation 
through state owned enterprises, it is rejected by labour unions in favour of the old NGP and 
there also seems to be striving between Government departments. Fortunately it seems as if 
there is not much disagreement with regards to the energy component of the NDP, however, 
the view of the National Planning Commission not to support nuclear is contradicted by 
announcements by Government to proceed with a nuclear build programme.  
 
Engaging the stakeholders might be necessary for Government to agree on milestones to re-
align the National Development Plan. South Africa needs a climate change strategy that will 
achieve its emission reduction targets, or else the products of the country will become 
undesirable to environmental conscience consumers. One of the many stumbling blocks is the 
establishment of an independent entity, to procure and distribute electricity. The ISMO needs 
to function, to liberate the market for greater participation from independent power producers. 
There are issues with compensation to Eskom in transferring transmission assets, IP and IT 
from Eskom to ISMO that would lead to the deterioration of Eskom of the credit rating of 
Eskom.  
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Despite the lack of coordinated planning, there are some opportunities and certain companies 
have capitalized on the easier access to Africa and have become regional businesses of even 
multi-national companies. In terms of energy there are vast opportunities for infrastructure 
development in Africa and some South African companies are well positioned to be involved. 
In the next chapter, the focus will fall on providing a conceptual framework and overview of 
the research methodology to be used in this study of the impact of climate change on the 
South African economy.  
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RESEARCH METHODOLOGY AND CONCEPTUAL DESIGN OF THE 
MEASURING INSTRUMENT FOR MEASURING THE ECONOMIC 
IMPACT OF CLIMATE CHANGE STRATEGIES 
 
CHAPTER 4 
4.1 INTRODUCTION 
The previous chapter focussed on the progress of the South African Government in their 
effort to establish a climate change strategy that could form part of the long term strategic 
plan called the National Development Plan. It started with the development of Long term 
Mitigation Scenarios (LTMS), followed through to the developing the Integrated Resource 
Plan IRP2010, and eventually into the National Development Plan (NDP) from where the 
industrial policy action plans IPAP2 (2011-2014), IPAP3 (2012-2015) and IPAP4 (2013-
2016) cascaded. These are extensive documents that cover much more than climate change, 
(DTI, 2011) but reflect the negotiated industrial development strategies agreed between 
Government, business leaders and organised labour.  
 
In this study the focus will fall on developing an optimal climate change strategy and to 
compare it with the strategy in the NDP to determine the economic impact of the different 
strategies, directly through cost of energy and indirectly through employment and 
externalities such as emission of CO2 to the environment. Some attention is given to 
intermediate variables that respond to stimuli from the independent variables to influence the 
reaction on the dependent variables. In the marketplace there are groups with vested interests 
any strategy on climate change will create a reaction among these groups. The decision to 
introduce a carbon tax would be opposed by coal mining industry, but supported by 
renewable energy industry. 
 
The methodology of the research process is discussed from the research problem to the 
research design, covering aspects such as the research objectives, research paradigm, research 
approach and methodology. The conceptual model is explained as part of the research before 
the second part of the chapter provides more detail on the development of the measuring 
instrument. It is discussed how the primary and secondary research results supplement each 
other in the model to compile the portfolios that will be compared to NGP proposed portfolio. 
Once the portfolios are developed, the challenge is to measure the performance of the 
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different portfolios between 2011 and 2030. By using SU-t and Energy balance the impact on 
supply and demand of fuel, is analysed and the impact calculated on GDP within the context 
of the GDP as seen in the SU-t. 
 
 
4.2 RESEARCH PROBLEM 
The purpose for conducting research would be to answer a research question and for this 
study the question to be answered is: 
Is there an optimum climate change mitigation strategy for South Africa and how 
can the effect thereof be simulated on economic growth? 
The current climate change mitigation strategy of South Africa is reflected in the National 
Development Plan (NDP) that has incorporated the Policy-adjusted Integrated Resource Plan 
for electricity from 2010 to 2030 (IRP2010) as well as some decisions with regards to liquid 
fuel, published in the NDP. The details of the climate change strategy in NDP were discussed 
in Chapter 3, Section 3.7. 
 
IRP2010 evolved from the long term mitigation scenarios (LTMS) developed by the scenario 
building team. The economic analysis was done directly from the energy modelling part of 
the study, i.e. the implications of various mitigation scenarios for the South African energy 
system were explored using the Market Allocation energy model “MARKAL.” Results from 
this model were then used to inform various policy shocks in an economy-wide model. Thus, 
the economic model is linked to the energy modelling in a ‘top-down’ fashion, using key 
outcome variables from the energy model to define ‘shocks’ for the economic model. Given 
the complexity of scenarios it is necessary to employ a comprehensive economic framework 
that models interaction between a variety of economic agents, including productive sectors, 
factors of production (capital and labour), households, incorporated business enterprises, 
government and the rest of the world. Econometric models, while generally more suitable for 
making longer term predictions given their focus on trends in economic variables, are usually 
unable to deal with highly detailed interaction effects. Econometric models tend to have a 
macroeconomic focus.  
 
SBT opts for a computable general equilibrium (CGE) model as the dependent variables are 
too disaggregated for an econometric model. CGE models are economy-wide models that 
take into account aspects of microeconomic behaviour of producers and households, while 
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maintaining macroeconomic constraints fundamental to economic accounting systems. These 
models incorporate representations of all markets, including commodity markets, factor 
(labour) markets and international trade. CGE models are however, not very suitable for 
predictions over long periods of time, given model complexity, and various restrictive 
assumptions regarding rigidities in the structure of the economy and relationships between 
economic agents. Instead, these models are useful for showing how one state of the economy 
may differ from another state in terms of numerous economic variables (Energy Research 
Centre 2007a). Although the CGE model has some limitations as a forecasting model, it is 
widely used for micro economic modelling.  
However, the original scenarios as developed by LTMS are no longer the climate change 
mitigation strategy as included in the NDP. During the process to finalise the IRP2010 there 
were alterations made from the original least cost proposal to a revised balance scenario and 
finally the policy adjusted IRP2010. 
 
This study aims to compile an efficient portfolio of energy assets that would achieve similar 
performance as proposed in the NDP. Secondly, the study would simulate the impact of the 
two portfolios on GDP to measure and compare the benefits of the alternatives. 
 
 
4.3 EPISTEMOLOGICAL PERSPECTIVE  
Epistemology is one of the core branches of philosophy and is concerned with the theory of 
knowledge, especially with regards to its methods, validation and the possible ways (Grix, 
2002). The primary research will be from an epistemological standpoint to question the 
strategies developed in IRP2010 and then applied in NDP with regards to the demand and 
supply of energy. In essence the study will interrogate the knowledge base on which the 
IRP2010 and NDP are formulated, to test if this is aligned with the views and expectations of 
opinion formers and business leaders from South Africa. 
 
The NDP is a very comprehensive document that the National Planning Commission 
developed and it represents the belief system of the commissioners as the preferred strategy 
to supply in the energy needs of South Africa. From the NDP document it is clear that the 
planning commission relied on the IRP2010 for planning input, therefore the commissioners 
must perceive the IRP2010 as the truth. Truth is an objective state independent of any 
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individual. A belief system is cognitive content, held by an individual as the truth, but it is a 
subjective personal basis for individual behaviour. Only after a belief system is justified as 
true, it will be classified as knowledge. The question then arises whether the NDP is based 
upon knowledge or the subjective belief system embodied in commissioners and inherited 
from the IRP2010. To answer this question, the proposed strategy in the IRP2010 has to be 
tested to determine if it can be justified as truth.   
 
To what extent do other opinion leaders in South Africa share the beliefs of the Planning 
Commission, and would business leaders base their investment decisions on the guidance 
obtained from the IRP2010? About three years had passed since the IRP2010 had been 
developed and the assumptions would have changed since then. Markets are dynamic and 
comparing the market conditions of three years ago with current conditions is hardly 
conceivable. It is not a matter of only updating the assumptions (independent variables) such 
as inflation rate, foreign exchange rate, fuel price trends, and interest rates, but it also 
requires a review of the intermediate variables such as the cost of energy, portfolio of energy 
supply assets, energy and emission intensity, employment opportunities and CO2 emission 
targets when the climate change strategies are evaluated.  
 
The IRP2010 prepared the growth strategies and determined the establishment of “green 
energy” as one of the growth and employment strategies towards 2030 and certain policies 
need to be implemented to enable the roll-out of green energy projects. There is reason to 
belief that the business community and other opinion makers do not share the belief system 
held by the National Planning Commission that the IRP2010 is justified truth. When 
knowledge and belief systems are in conflict, it produces cognitive dissonance. For 
something to count as knowledge it must actually be true, therefore knowledge is justified 
true beliefs. Over time belief systems are tested and proven, either as correct and accepted as 
knowledge or as incorrect, with great expense and lost opportunity. If the business 
community does not endorse the beliefs of the National Planning Commission, the NDP 
would not find their support and it will result in great expense and lost opportunity to the 
country. 
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4.4 INTERMEDIATE VARIABLES (SUB FOCI ISSUES) 
In defining the research problem (Section 4.2) it was mentioned that the SBT used a CGE 
model to develop the LTMS. With the CGE it is possible to analyse every sector and industry 
of the economy in much detail to determine the impact of mitigation strategies on GDP, but 
CGE has limitations in terms of forecasting. Macroeconomic and econometric models are 
more focused on aggregated values and do better in forecasting.  
 
There are some interest groups, such as consumer groups, businesses, industries or sectors 
that would face major structural changes as a result of a mitigation strategy, for example a 
new carbon tax. Economics is based on behavioural science and policy changes will affect 
behaviour of some groups and the final result might not be what Government intended, with 
the change in policy. These interest groups are situated between the independent variables 
(marketplace) and the dependent variables (key economic indicators that determine the 
GDP). The existence and influence of such groups are reflected in intermediate variables 
such as energy intensity, emission intensity, labour or capital intensity, etc. It is embedded in 
the structure of the economy and fairly difficult to change and tend to change slowly over 
time. 
 
The Pareto principle (also known as the 80-20 rule) states that, for many events, roughly 80% 
of the effects come from 20% of the causes. This rule is applied in search of the 20% 
variables, when affected by the mitigation strategy, will causes 80% of the impact on the 
economy. This study does not utilise CGE models or econometric models, but want to follow 
a more pragmatic approach by trying to identify and focus on the 20% variables that control 
80% of the impact on GDP. 
 
This pragmatic model would endeavour to escape the limitations of CGE and maroeconomic 
models. It would be established based on the existing energy supply & generation assets 
(2010 market position) and would focus on adjusting the asset mix during the period 2011 to 
2030 to meet increased energy demand, through an efficient portfolio. It would use portfolio 
optimization techniques to structure and expand the existing portfolio of energy assets. The 
IRP2010 portfolio is the NDP strategy, due to be implemented between 2011 and 2030 and it 
should display a different approach from the pragmatic model portfolio. The study ends with 
a comparison of the various climate change strategies; the IRP2010 portfolio performance is 
compared against the pragmatic model portfolio performance over the period 2011 to 2030.  
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Firstly, these intermediate variables are not pure economic variables, but would compare 
some technical variables with some economic variables such as (Total energy 
consumed)/GDP or CO2/GDP. Secondly these intermediate variables are representing some 
elements of the current economic structure such as (employment compensation)/GDP. These 
variables should remain fairly constant until 2030 under the business as usual scenario 
however; with the implementation of a climate change mitigation strategy some structural 
changes could be expected. These changes could be managed by setting upper and lower 
limits for a specific intermediate variable. For example the energy intensity (intermediate 
variable) needs to improve between 15% and 20% over next 20 years. The intermediate 
variables for the model are identified and briefly discussed; 
 
4.4.1 Carbon/emission intensity  
For this intermediate variable, emission intensity is the calculated emission of CO2 released, 
per R1.00 (one Rand) of GDP at constant 2005 prices, produced during a period of one year. 
In 2005 there was a total of 408.2 million tonnes CO2 emitted and the GDP was R1 571 082 
million. Therefore the carbon intensity is 0.26kg of CO2/R1.00 of GDP at constant 2005 
prices. The reason for using constant prices is to eliminate the impact of inflation on the 
denominator. Emission intensities are not directly correlated with changes in GDP. For the 
reason that GDP and CO2 moved in tandem, the carbon intensity is less affected, therefore 
projections of carbon intensity tend to exhibit less uncertainty than absolute emission 
forecasts. 
 
The South African economy is dependent on coal for energy and any changes to reduce CO2 
emissions will be costly. In its 2008 annual report, Eskom said it would continue its reliance 
on coal as primary energy source after commissioning of Medupi and Kusile. It plans to 
reduce the coal component of its generating capacity to 70% within 20 years. Eskom, 
Africa’s biggest power company, currently generates more than 90% of its electricity from 
coal-fired power stations, and had a substantial carbon footprint of nearly 1% of global 
emissions. This was first reported by the Scenario Building Team (2007b) in the LTMS 
strategic options for South Africa. South Africa is identified as an emission intensive country 
on a per capita basis.   
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4.4.2 Energy intensity 
In this intermediate variable energy intensity is a measurement of the energy efficiency of 
the economy by calculating units of energy per unit of GDP at constant prices. Using 
constant prices eliminates the impact of inflation on the denominator. Electricity is measured 
in terawatt hours (TWh) and liquid fuel in million tonnes oil equivalent (Mtoe) and needs 
conversion to Mega joule as the universal energy measurement unit. Therefore energy 
intensity is (total energy in MJ/GDP at constant prices). In 2005 there was 242.1TWh 
electricity generated and 24.6Mtoe of liquid fuel was consumed. After conversion the 
electricity it is equal to 871 560 000 000MJ and the liquid fuel is 1 029 952 800 000MJ. The 
sum of energy consumed per unit of GDP is calculated as1.21MJ/R1.00 of GDP at constant 
2005 prices.  
 
Higher energy intensity means a larger share of the GDP is coming from energy-intensive 
manufacturing industries, such as basic metals. In the 1970s and 1980s South Africa had a 
large surplus of electricity generation capacity. Policies to promote mineral beneficiation led 
to the establishment of many energy intensive industries such as smelters and the Sasol coal-
to-liquid (CTL) refineries. On a per capita basis, South Africa has one of the most energy 
intensive economies in the world. Some bulk users have very favourable tariffs on long term 
contractual agreements. 
 
A second measurement to control is the proportion of final and intermediate consumption of 
energy. In the Energy Balance for South Africa energy conversion plants use around 52% of 
total primary energy supply (TPES) to generate electricity, steam, heat or refine petroleum 
products from oil. Only 48% of primary energy is used in final consumption.  
 
Electricity generated is seen as a secondary energy resource and when total electricity 
generation is converted and calculated it is around 15% of TPES. Electricity is used in 
intermediate production and in final comsumption. As there is no clear distinction between 
electricity used in intermediate production and final consumption the third measurement to 
control in this intermediate variable is electricity as a proportion of TPES. 
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4.4.3 Fuel mix 
The fuel mix (CO2/ total energy in MJ) expresses the amount of CO2 emission relative to the 
total amount of energy consumed. The fuel mix is a function of the technologies selected in 
the portfolio of energy supply/generation assets. Substitution in fuel to reduce emissions is 
limited. Open cycle gas turbines can also operate with diesel while the boilers at some coal 
power stations can be adapted to accommodate 10% to 15% biomass in co-firing with coal.  
 Change in emission intensity stems more often from a reduction in energy intensity than 
from changes in fuel mix. To the extent that more renewables and cleaner resources are used 
to supply energy, the smaller the value of this intermediate variable as the numerator in this 
equation declines. South Africa has a competitive advantage in coal. The introduction of a 
carbon tax will increase the cost of coal as an energy source that could lead to fuel-switching. 
There are engineering and technology limitations to modifications to adapt, which could 
require replacing good workable equipment. Structural changes that make the country more 
dependent on imported gas, oil or other liquid fuels increase currency risk, is negative for the 
employment and inflation. 
 
4.4.4  Labour intensity and population trends   
 Employment compensation/GDP will express labour intensity. The analysis needs to express 
total employment compensation relative to GDP. As inflation will affect both compensation 
and GDP, this intermediate variable will use data at basic prices and nor at constant 2005 
prices. Compensation at basic prices is around 50% of the GDP. Structural changes such as a 
swing to more capital intensive production methods will lead to lower employment 
compensation and physical employment.  
 
Changes in the climate change strategy would have an impact on the already delicate balance 
that exists between health, livelihood and economic productivity (Midgley et al, 2007). Food 
and water security, as well as the cost thereof are all factors that add to uncertainty in 
quantifying the impact of a structural change on communities. People in general and the 
labour market specifically are strong interest groups that look after their own interests. Their 
perceptions and expectations are powerful weapons that can make the mitigation strategy 
succeed or fail.  
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There is much uncertainty in projecting the impact of population growth due to too many 
unknown variables such as urbanization, HIV, education and skills levels, travelling 
distances to work and types of transportation, unemployment due to structural changes in 
industries. This study does not focus on the social impact of climate change strategies, but 
will endeavour to estimate the increase in the workforce over next 20 years and to what 
extent the climate change strategies would be able to create new employment opportunities 
and to measure it against the policy objectives stated in NDP. 
  
4.4.5 Ownership and monopolistic behaviour in energy sector  
Monopolistic behaviour in the energy sector will remain a hurdle for new entrants, even for 
renewable energy entrants. Government is the sole owner of the national electricity utility 
company Eskom, who has a sole supply agreement to the national grid. Renewable energy 
suppliers and co-generation suppliers have to enter into a power purchase agreement to be 
allowed to supply to the national grid. Liberation of the energy sector has been sluggish on 
the legal framework to appoint a regulator for private power producers (PPP), delays in 
completing power purchase agreement guidelines for independent power producers and 
objections by Eskom on implementation of feed-in tariffs for renewable energy.  
 
Vested interest in energy market is also delaying critical decisions by Government. With 224 
million tonnes of CO2 emission annually, Eskom (owned by the South African Government) 
will have to pay R22.5 billion in carbon tax annually if the proposed tax of R100 per ton of 
CO2 is introduced. Another issue is the monopolistic hold on the national grid to manage 
stability of grid in transmission and distribution, but discourage private sector involvement in 
electricity generation. 
 
In this intermediate variable two criteria will be measured namely, the proportion of 
electricity supplied by PPP against total electricity generated and secondly, liquid fuel 
supplied by private sector against total liquid fuel supplied. These two criteria would indicate 
if Government is allowing the private sector to develop and finance electricity supply and if 
Government is successful in their plan to expand into the liquid fuel and gas markets. 
Furthermore, should the private sector contribute substantial amounts to energy 
infrastructures; it should be visible in the direct foreign investment aggregate of the 
economy.   
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4.4.6 Global economy and currency markets 
The vulnerability of the South African GDP was seen during the collapse of the financial 
sector in developed nations resulting in a worldwide economic recession after 2008. 
Increased energy imports will influence the trade balance negatively and in the long run, also 
foreign reserves and a depreciation of the currency. South Africa as a major coal exporter 
and a country that is almost entirely depending on coal-fired power stations, and should have 
been at the forefront in technology developments such as the new clean-coal technology and 
carbon capture and storage developments. Breakthroughs in coal technology should keep 
South Africa away from costly fuel switching strategies, earn valuable foreign currency and 
keep many semi-skilled workers employed. In selecting a mitigation strategy it is important 
to decide how it will be funded. The cost of building nuclear power stations has increased 
severely and most of the infrastructure would be imported with large currency exposure. 
South Africa is part of the global economy and to ensure that the country has access to 
international funding, there are several criteria to consider. For this intermediate variable the 
following five are criteria will be monitored: 
1. The annual average exchange rate of the local currency unit (ZAR), against the United 
States of America dollars (USD). 
2. The South African GDP at basic prices expressed in USD. 
3. The annual total net income of South Africa expressed in USD. 
4. The total debt of South Africa expressed in USD.  
5. Net foreign trade of South Africa (exports minus imports) expressed in USD. 
 
4.4.7 Clean Development Mechanism and sustainable development 
The World Bank initiative known as the Clean Development Mechanism (CDM) has been 
introduced to finance sustainable developments in developing countries with investments 
from developed countries (Brent et al, 2005). They also stated that the CDM primarily 
presents a range of commercial opportunities and could indeed be an important source of 
foreign direct investment. How much will the CDM projects contribute to the GDP and 
economic growth in the short to medium term? However, there is already some opposition to 
the CDM, since heavy polluters in the northern hemisphere expressed the intent to relocate 
their smelters to sites in the developing countries, with abundant cheap electricity and liberal 
climate change policies. If CDM can make a meaningful contribution to climate change 
mitigation in South Africa, it will be modelled in, but CDM has been struggling in Africa.   
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4.4.8 Forecasting GDP growth, inflation and energy demand for South Africa to 
2030 
GDP, income per capita and population are big drivers of energy use. As people become 
more affluent, their energy consumption patterns change. They may switch to more 
convenient fuels, such as electricity, and acquire appliances that demand more energy. As the 
demand for energy increases, the carbon footprint enlarges. Forecasting the GDP over long 
time horizons is difficult. GDP projections are often politically biased as governments want 
to project continuously high GDP growth. The GDP is central to building the economic 
model that is using past 30 years history to extrapolate a “business as usual” scenario to 
2030. Thereafter the climate change strategy is implemented and the effect on the GDP is 
calculated. GDP growth normally refers to the real rate of GDP growth after the price effect 
(inflation) is deducted.   
 
Inflation is a well-known concept and is not discussed in detail. The nominal annual 
compounded growth rate of the economy is separated into a component of real growth 
calculated by the GDP deflator and inflation that reflects increased values as a result of price 
increases. This intermediate variable has to ensure that real growth and inflation are correctly 
accounted for in the model. 
 
The LTMS energy modelling applied a forecast for electricity demand and developed 
scenarios to reach the carbon mitigation targets. Subsequently the IRP2010 was developed 
with some alterations to LTMS and this has been absorbed into NDP. There were substantial 
changes over time and  evaluating it is important, if the current energy plan in NDP would 
meet energy demand, and secondly how much reserve margin (surplus) is included in the 
forecast. The forecasts for electricity and liquid fuel will be done separately in its preferred 
units of measurement. 
 
 
4.5 RESEARCH ASSUMPTIONS 
It is not in the scope of this research project to contest the phenomena of global warming and 
climate change as it has already been researched extensively. The following focus areas of 
climate change are assumptions for this research study and are not challenged: 
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1 Kirby (2008) explains that some greenhouse gases occur naturally, while others result 
from human activity in industry, transport, agriculture, organic and solid waste 
combustion. It is not just carbon dioxide, CO2, that is driving climate change, but it 
makes up almost 80% of the climate gases (including contributions from changes in 
land use) emitted by human activities. CO2 is the most abundant greenhouse gas added 
to the atmosphere, but not the only GHG.  
2  The heating of the atmosphere due to absorption of infra-red radiations by CO2 and 
other gases is called the greenhouse effect. Greenhouse gases in the atmosphere around 
the Earth act like a glass of the greenhouse chamber. The greenhouse effect is an 
important mechanism of temperature regulation of the earth.  
3 In this industrial age, excessive burning of fossil fuels has released an enormous amount 
of CO2 in atmosphere, which plants and ocean waters cannot remove. Thus, 
concentration of CO2 in atmosphere is steadily rising and increasing the greenhouse 
effect or global warming.  
4 Climate change refers to changes to local climate conditions and modifications of local 
rainfall patterns. The quality and quantity of drinking water, water availability for 
irrigation, industrial use, electricity generation and the health of fish may be 
significantly affected by changes in precipitation and increased evaporation. (UNEP 
publication “Kick the habit” (Kirby, 2008). 
5 GHG emissions come predominantly from energy generation, in particular from fossil 
fuels such as oil, gas and coal, mainly used to generate electricity. Nearly 43% of the 
electricity produced in the world comes from coal. Coal is cheap and the most widely 
available fossil fuel. It is also the fossil fuel with the longest predicted availability. 
6 Personal and commercial transport consumes around 20% of the global energy supply, 
80% of which comes from fossil fuels. Globally, the energy used by road transport is 
accounting for 70% to 80% of transport-related emissions. Air travel and shipping are 
also expanding fast. 
7 Buildings are globally responsible for about 30% of GHG emissions according to 
UNEP’s Sustainable Building and Construction Initiative. Heating, cooling and lighting 
our homes and using household appliances absorb 11% of global energy. The cement 
industry contributes about 5% to global anthropogenic CO2 emissions. 
8 Agriculture is an important contributor towards climate change with GHG emissions 
comparable in volume to the transport sector. CO2 is emitted from tilling and 
deforestation. Furthermore the use of fossil fuels in fertiliser production and other 
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agricultural chemicals, for farm machinery in intensive agriculture, and for transporting 
animals and crops from farm to market all bring about GHG emissions. 
9 Land use is responsible for almost 20% of atmospheric carbon. Trees and other plants 
remove carbon from the atmosphere through the process of photosynthesis. When these 
trees and plants decay, or are burnt, much of this stored carbon escapes back into the 
atmosphere. Deforestation causes the release of the carbon stored in the soil (as does 
ploughing), and if the forest is not restored afterwards the land will store much less 
CO2. 
10  Figure 2.4 reflects the global GHG emissions by sector globally, and would also apply 
to South Africa. The figure displays the contribution of the various sectors to the three 
main greenhouse gases.  
 
 
4.6 RESEARCH OBJECTIVES 
Decisions regarding new power stations or building of liquid fuel refineries are followed by a 
long time period of planning, design and construction before the first energy is supplied from 
the newly built facility. There is high risk and large cost implications associated with such 
projects, therefore the primary objectives of the research are:  
1. Identify and quantify the key factors that have an influence on selection and compiling 
of a portfolio of energy generation assets.  
2. Identify and quantify the key variables in the economy that have an influence on GDP.  
3. Analyse economic data from the previous thirty years to formulate the movement and 
influence of certain key economic indicators on the GDP.  
4. Lastly, to model the impact of several mitigation strategies (portfolio of energy assets) 
on the GDP by using the Monte Carlo simulation method and the modern portfolio 
theory model to quantify the influence of independent variables on the interdependent 
variables and their impact on the GDP. 
 
 
4.7 RESEARCH APPROACH 
Firstly, it is important to know that this study will conduct research in two different fields 
namely energy and economy.  
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The research in the energy domain has the objective to develop an efficient portfolio of 
energy supply/generation assets. As the type of information required is mostly technical 
information, such as heat values, plant efficiencies, load factors, outage times, maintenance 
cycles etc, the approach would be to consult relevant literature in a literature study (secondary 
research). The information related to cost of equipment and feed stock (input resources) will 
be obtained in primary research to be conducted. The information obtained from the primary 
and secondary research will be the inputs to a portfolio optimization model and the result 
would be a portfolio with the most efficient allocation of selected energy assets.  
 
The second part of the research study will be directed towards the economy. Based on the 
portfolio of energy assets designed by the portfolio optimization model, or any other portfolio 
that might be selected, there would be some changes in the economy, and eventually it will be 
reflected in the GDP of the country. Due to the large number of variables that have a direct or 
indirect economic impact, but it will eventually influence the performance of the GDP, either 
positive or negatively.  
 
Conceptually, an economic system has many variables in the marketplace that influence the 
performances of the business organizations. To the extent that a company can manage the 
variables successfully, it will make profits and its valuation or share prices on the stock 
exchange will increase. The process flows in a simplistic economic system is selected to 
develop the concept design for this study.  
 
In an economic system there are many interactive processes in the marketplace between 
suppliers and consumers, in the form of direct and indirect competition. There are also legal 
and statutory regulations that regulate the marketplace. All these activities are independent 
variables for the individual businesses, but the performance of the organizations (turnover, 
profit, dividends, etc) are dependent variables for their share price performance on the stock 
exchange.  
 
The financial performance of the company is reflected in the behaviour of its share price that 
determines the ability of the company to raise finance, expand facilities, growth, and 
competitive position in the marketplace. There is a continuous feedback of information to the 
marketplace and it affects the behaviour towards the company as seen in Figure 4.1. 
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Figure 4.1:    A simplistic economic system 
                                                      
 
To succeed in business the organizations will do research of the marketplace and determine 
how the independent variables such as competitors, customers, interest rates and others would 
affect their operations. From the research the management will design strategies to do 
successful business. The performance of the company in terms of turnover, profits, dividends, 
costs, and taxes are dependent variables for the share price (valuation) of the company. 
Figure 4.2 shows the conceptual design for this study: 
1. The marketplace is a collection of independent variables such as competitors, 
suppliers, consumers, government, and environmental groups. The marketplace 
would also include economic variables such as inflation, exchange rates, tax, and 
NDP strategic plan to 2030, etc. 
2. Intermediate variables are organised in various economic sub-structures that share 
some common interest related to energy or emissions such as energy resource 
suppliers, energy intensive users, emission intensive business, renewables, and cost 
of energy, employment in energy sector, CO2 emissions and targets, ownership and 
other distortion in energy asset allocations.  
These variables are in the marketplace, but are not independent and influence 
decisions that affect the dependent variables and the performance of the economy, 
for example, the impact of carbon tax legislation on emission intensive businesses 
will directly affect the prices of goods and the demand, but later economic growth 
and employment would also suffer. 
3. Dependent variables are a collection of mainly economic variables that would be 
influenced by changes in energy or emission related legislation such as carbon tax or 
emission targets, etc. Therefore dependent variables can be described as all the 
economic variables that would change as a result of an action/shock in the 
marketplace, and as a result of their changes, it will have a direct impact on GDP.  
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Statutory 
intervention 
4. Derivative is the GDP where the final result of any decision would be reflected, 
whether taken in the marketplace or in the intermediate variables. 
 
Figure 4.2:    Conceptual design of the research approach 
 
  
8.                                                                                                                     
9.  
10.  
11.  
 
 
 
 
 
 
 
 
 
 
In Figure 4.2 the various analytical tools are also displayed. The approach known as 
“principal component analysis” is used to study the South African economy, and more 
specifically the SU-t as the GDP is calculated in the SU-t. This is a mathematical procedure 
that transforms a number of possibly correlated variables into a smaller number of 
uncorrelated variables called principal components. The economic system is developed from 
Supply and Use tables of the South African economy. Correlated variables are identified from 
historic data analysis and building of a covariance matrices, converting it into a correlation 
matrix for each dependent variable. Standard deviation is the metric of significance of 
principal components. 
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4.8 RESEARCH PARADIGM 
The purpose of research normally determines the paradigm. Most kinds of research fall into 
one of the following paradigms: Descriptive, Evaluative, Prescriptive, Exploratory, or 
Predictive (Wollman, n.d.). The purpose of the primary research in this study is to obtain the 
views of energy, business, and economy experts on changes in key model assumptions due to 
climate change policy decisions. The predictions of the experts will be analysed and use as 
input data into Technology, Emissions & Economic Matrix (TEEM - predictive model). 
Based on the above discussion it seems appropriate to select the paradigm of predictive 
research. 
Wollman (n.d.) states that predictive research is mainly concerned with forecasting 
(predicting) outcomes, consequences, costs, or effects. This type of research tries to 
extrapolate from the analysis of existing phenomena, policies, or other entities in order to 
predict something that has not been tried, tested, or proposed before. Predictive research asks 
questions such as how, or how well something might work, or what the impact of something 
might be. This research paradigm will supply data input to a measuring instrument to assess 
the implications for a variable such as economic growth far into the future based on a formal 
quantification of the relationship between the various indicator series and economic growth. It 
is a statistical approach to forecasting change in a dependent variable (GDP) on the basis of 
change in one or more independent variables (inflation, currency or carbon tax, for example). 
The measuring instrument will use the results of the research as input into the selected 
statistical tools.  
 
 
4.9 RESEARCH METHODOLOGY 
With clarity on the research paradigm, the methodology can be developed. The first action is 
to conduct a literature study of the energy sector and the South African economy to grasp the 
wider context of the study before the questionnaire for the primary research is compiled. This 
secondary research is conducted to identify the dependent variables and to review the most 
recent research on the selected variables. The data is collected from literature studies, 
publications and research papers published by many research bodies such as the Energy 
Research Centre at UCT, Government Department of Environment Affairs & Tourism, 
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publications regarding climate change from United Nations Framework Convention for 
Climate Change (UNFCCC), United Nations Environment Programme (UNEP), 
Intergovernmental Panel on Climate Change (IPCC), Carbon Disclosure Project (CDP), 
Clean Development Mechanism (CDM). Published information regarding the economy such 
as the budget speech of the minister of Finance, economic forecasts and reviews published by 
leading economists. Most of the top 100 listed companies on the JSE are now participating in 
the Carbon Disclosure project to report their carbon emission activities. This help to obtain a 
sufficient understanding of the dependent variables.  
 
The research approach selected for the primary research is positivism. The positivist 
epistemology sees science as the way to get truth and understand the world well enough to 
predict and control it (Krauss, 2005). Positivism, also known as functionalism, places 
emphasis on the scientific method to study the social world in the same ways as one would 
study the physical world.  
 
The functionalist’s perspective is that the scientific method can be applied in the objective 
social world to research and understand it in a more structured way, like the physical world. 
They also believe that one can compare a society to a living organism, as both the society 
and an organism have interdependent working parts (organs) and systems that must function 
together for a common good, in order for the greater body to function. In essence the South 
African society consists of individuals that live and work together, pay taxes, manage 
businesses or rule the country. To survive and prosper the individuals and the society must 
align their plans and expectations. Cognitive dissonance and conflict emerge where there is a 
misalignment of individual and society objectives. This can also happen to the NDP 
therefore, it is crucial that the individuals (in government) align their plans with the larger 
South African society. Key individuals, opinion, and business leaders can be their allies or 
enemies. 
 
A quantitative study is selected for the research process to align with the paradigm and the 
functionalism approach of scientific method to study the social world. As the results from the 
study need to be loaded to the measuring instrument to perform and apply predictions and 
further processes, the results had to be quantitative data. All the questions are designed to be 
close ended questions. There will always be criticism that this limits the choices available to 
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respondents, or that this might influence their decisions. If parameters are however, well-
planned it might assist the respondent to make a selection, especially in this study where the 
research field covered the total energy sector that includes electricity from various types of 
fuel, liquid fuel from different processes, as well as questions on the economic system.  
 
Primary research is conducted through the method of questionnaires completed by 
economists, energy consultants, and business executives of energy companies, energy 
research specialists and senior government officials related to energy and sustainability. For 
the measuring instrument there is a clear distinction in the data requirement. Firstly, the 
technical and physical science data obtained through secondary research about the 
characteristics of the types of fuel and the performance of energy assets. Secondly, there is 
social science data dealing with human behaviour, decisions, forecasts, and preferences 
obtained through primary research. Where some secondary data on fuel or technology had 
been out dated, insufficient, or doubtful, it was added to the questionnaire to be tested. The 
questionnaire mostly focussed on the predictions and views of the respondents regarding 
future demand, supply and prices of independent and intermediate variables. 
 
 
4.10 RESEARCH DESIGN 
The research methodology has already dealt with the research concepts, and the execution 
plan is discussed next. Research design embodies the master plan that needs to clarify 
questions like: who, when, where and how. Using a simple signal-to-noise ratio metaphor, 
the selected research design must enhance the signal strength and suppress noise, where the 
signal represents the variable to be measured and the noise consists of random factors that 
make it difficult to observe the signal. Factorial design will be used as it has great flexibility 
for exploring or enhancing the signal, while covariance design will be the noise reduction 
experimental design.  
 
It is important to remember that the primary research results and the secondary research 
results together become the input data for the measuring instrument, to perform portfolio 
allocations and scenario testing. The research design focuses on the primary research process 
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for the collection and processing of predictive data, where the results as well as information 
from the literature study form part of input for measuring instrument.  
 
During the literature study a list of 300 individuals were identified as potential respondents. 
The list included economists, energy consultants, and business executives of energy 
companies, energy research specialists, and senior government officials related to energy and 
sustainability. The individuals had to disclose their names and email addresses as well as 
level of expertise in a list of the energy resources. The respondents had to indicate whether 
their knowledge was obtained through research or as a result of present or past employment. 
There was also an interest to compare their age group and their levels of expertise. There 
were 50 questions that addressed issues identified for further research. 
 
The questions were developed after the literature study and approval is obtained from the 
academic authorities at Nelson Mandela Metropolitan University. The questionnaire is 
created and published on Google Drive where it could be completed online and submitted to 
be received on a password-secured database. The published questionnaire could only be 
completed by invited respondents that received the hyperlink to the document on Google 
Drive. The questionnaire is not searchable by search engines on the internet (world-wide-
web).  
 
There are five objectives with the questionnaire to be used for the primary research:  
1. To finalise the key model assumptions that are to be used in the measuring instrument, 
such as exchange rates, prices of fuel, coal, oil, natural gas, nuclear and biomass, etc. 
2. To obtain probability distributions for input data on long term inflation and GDP growth 
rates for South Africa, as well as forecasted demand for liquid fuel and electricity. 
3. To explore the sentiment towards various climate change mitigation options to supply in 
the required liquid fuel and electricity demand. 
4. To measure employment expectations from investments in the “green economy.” 
5. To evaluate the opinions on what impact climate change mitigation will have on GDP 
growth rates. 
 
The Delphi technique is used as the research tool. The Delphi Method for Graduate Research 
by Skulmoski et al (2007), states that the Delphi method works especially well when the goal 
is to improve understanding of problems, opportunities, solutions, or to develop 
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forecasts. Delphi is a structured technique developed as an interactive forecasting method 
that relies on a panel of experts to answer questionnaires in two or more rounds. After each 
round, the researcher provides an anonymous summary of the experts’ responses from the 
previous round. The experts are encouraged to revise their earlier answers in light of the 
replies of other members of their panel. Delphi is based on the principle that forecasts (or 
decisions) from a structured group of individuals are more accurate than those from 
unstructured groups (Skulmoski et al, 2007). 
 
Since expert opinion is sought, a purposeful sample is necessary where people are selected 
not to represent the general population, but rather for their expert ability to answer the 
research questions, are the opinion of Fink and Kosecoff (1985). Where the group is 
homogeneous, a smaller sample of between ten to fifteen experts may yield sufficient results. 
While a three round Delphi is typical, some Delphi studies have been completed after a 
single or double round. Potential sample size is positively related to the number of experts. 
 
Commitment to participate in a multi-round Delphi can be inferred by the round-by-round 
response rate, therefore Skulmoski et al (2007), concur that Delphi participants should meet 
four “expertise” requirements:  
1. Knowledge and experience with the issues under investigation;  
2. Capacity and willingness to participate;  
3. Sufficient time to participate in the Delphi; and  
4. Effective communication skills.  
The target group of respondents for the primary research is energy experts, consultants, and 
managers in the energy sector, business leaders directly involved in energy related industries 
such as liquid fuels, electricity, and renewable energy. Other respondents are economists, 
research specialists in energy from Universities, development finance institutions, utilities 
such as Eskom and government departments involved with energy, technology, planning, 
finance and labour.  
 
During the secondary research the key model assumptions are identified, as well as realistic 
boundaries determined for the model assumptions. The questions have been formulated as 
multiple choice questions with answers available within the boundaries determined as 
realistic.  
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4.11 STRUCTURE OF THE TEEM MEASURING TOOL 
The measuring instrument will be referred to as Technology, Emissions & Economic Matrix 
(TEEM) as it is largely based on:  
1 The capital asset pricing model (CAPM) of Sharpe (1981) and the research of 
Awerbuch (2003) to assist in the energy asset allocations and the cost of energy. The 
matrix will examine technology solutions and the emission data of the fuel it consume. 
It is expected that different portfolio combinations of the available technologies, 
will have an impact on the GHG emissions and GDP. 
2 A simplified economic system designed from the Supply and Use tables of 
the South African economy. 
The process flow for the development of the TEEM is displayed in Figure 4.3. 
Figure 4.3: Process flow diagram of the development of TEEM  
 
1 =Principal component analysis of GDP and climate change variables 
2= Primary& secondary research of independent and intermediate variables 
3= Energy asset allocation and calculations energy costs etc 
4= Finalise economic model and run simulations 
5= Calculation of impact on GDP growth rates (Results & conclusions) 
 
The structure and the methodology to compile the TEEM are described in more 
detail in the following sections. 
 
 
 
4.12 PRINCIPAL COMPONENT ANALYSIS AND CLIMATE CHANGE 
VARIABLES 
A principal component analysis is the first step in development of the TEEM measuring 
instrument and starts by analyzing the South African economic system to determine the key 
output drivers of the GDP. The next step will be to analyze the energy related input drivers of 
the economy such as cost and availability of energy resources, the selection of available 
energy technology options and plant efficiencies of such technologies, all being part of the 
input for the TEEM composite matrix. 
1
(Chapter 5)
2 
(Chapter 5)
3 
(Chapter 6)
4
(Chapter 6)
5
(Chapter 7)
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The values of the components contributing to the GDP are found in the National Accounts of 
a country. National Accounts provide a complete and consistent conceptual framework for 
measuring the economic activity of countries. It broadly presents the production, income and 
expenditure activities of the corporations, government, and households in an economy, 
including their relations with other countries’ economies. There are a number of aggregate 
measures in the national accounts such as disposable income, saving and investment and most 
notably gross domestic product or GDP, which is the most widely used measure of aggregate 
economic activity in a period, reported by Virtual Statistical System (n.d.).   
 
All transactions are reflected as economic statistics in the National Accounts of the country. 
These statistics are particularly important for the construction of supply and use or input-
output tables (SU-t) to provide a detailed picture of the flows of goods and services in an 
economy. It ensures that the use of goods and services is equal to the supply of goods and 
services, not only for the economy as a whole, but also for each good and service. Goods and 
services are tracked through the economy from their original producers (either resident or 
abroad) to their users (either resident or abroad). Within the economy some production is 
consumed to produce other products and services. This is known as intermediate consumption 
while the balance of goods and services are consumed in final consumption. By deducting 
intermediate consumption from gross production the gross value added (GVA) is calculated.  
 
Similar to SU-t, the movement of energy, from supplier to end users is recorded in the Energy 
Balances of the country. The industry impact of the energy sector is analysed through the 
interactive relationships as determined in the Energy Balances. Should the decision be to 
build more nuclear power stations and no more coal power stations, the economy will have to 
develop infrastructure around nuclear and coal infrastructure has to adapt to such changes. 
Fuel imports can meet the increased demand for transportation fuel by importing more oil and 
expanding oil refineries or increase fuel supplies by building new gas-to-liquid or coal-to-
liquid capacity. Although all the strategies could manage to meet the energy demands, each 
will have different impact on the GDP. 
 
Figure 4.4 was developed to outline the aspects to be analyzed in the principle component 
analysis. The main document will be the SU-t as it contains the drivers of GDP. 
Microeconomic data of supply demand and prices of different fuel types and the other climate 
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change variables would not be reflected in the SU-t, but very similar to SU-t there are Energy 
Balances that reflects the supply and demand of energy for South Africa. Therefore, some 
sector and industry analysis would be done on data obtained from the Energy Balances. 
 
Figure 4.4: Economic analysis of the impact of CO2 emission in the South African 
economy 
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 Social impact such as employment and emission data per fuel type has to be expressed in 
non-financial terms such as employees/MWh and ton CO2/MWh which needs to be converted 
to financial cost items (externalities) that could be accommodated in the measuring 
instrument. The employment and compensation data would be obtained from the SAM 2005 
social accounting matrix. 
 
In summary, the TEEM is an optimization model that includes an economic model that relies 
on energy related input data for selected energy assets (supply technology options), selected 
resources, plant efficiencies and the cost factors, all included in a single composite matrix that 
allows for further external cost factors (externalities) that reflects the GHG emission cost 
factors, carbon tax and feed-in tariffs and social impact factors such as employment. With 
portfolio optimization techniques there is an optimum portfolio of energy supply assets, or a 
few portfolio combinations on an efficient frontier to choose from that will have the best net 
effect on the GDP of South Africa. 
 
 
4.13 PRIMARY RESEARCH OF THE INDEPENDENT AND 
INTERMEDIATE VARIABLES 
From Figure 4.3 the second process in the TEEM design is primary and secondary research of 
the independent and intermediate variables. The primary research is directed to a target group 
of decision makers in the business and government sectors of South Africa. Their opinions of 
climate change and future plans to deal with climate change are tested. To be at the cutting 
edge of the latest developments in sustainability and climate change, secondary research will 
be conducted about existing and new energy supply technologies, plant efficiencies, resources 
and fuel availability, cost structures for development and operation of energy solutions.  
 
From all the information obtained in the primary research questionnaire is compiled, tested, 
and distributed to the target group of opinion leaders in South Africa. The research results are 
used as input variables to determine energy costs and other input for selection and allocation 
of energy supply assets. Among these variables would be long term forecasts of inflation, 
interest rates, exchange rates, and energy demand forecasts, expected price movements of key 
resources, future cost estimates of development and maintenance cost for new capacity, as 
well as CO2 emission data and scenarios of future climate change policy changes. 
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4.14 ENERGY ASSET ALLOCATIONS AND ENERGY COST CALCULATIONS 
 The third process in developing TEEM as displayed in Figure 4.3 is energy asset allocations 
and energy cost calculations. The energy asset allocation modelling in TEEM is based on an 
optimization model. Since 1952 optimization models are used for portfolio selection in 
financial markets. The mean-variance portfolio theory, developed by Harry Markowitz, 
generally determines investment portfolios on the "efficient frontier.” It enables the creation 
of minimum-variance portfolios for any given level of expected (mean) return. Such efficient 
portfolios therefore minimise risk, as measured by the standard deviation of periodic returns. 
The Markowitz model was further refined by William Sharpe (1981) and Jack Treynor into 
the Modern Portfolio Theory also known as the Capital Asset Pricing Model (CAPM). 
Portfolio risk is properly defined as total risk (the sum of random and systematic fluctuations) 
measured as the standard deviation of periodic historic returns. Portfolio risk therefore, 
includes the random fluctuations of individual portfolio components, which have a wide 
variety of historic causes. Awerbuch (2003) has converted the CAPM to a model for 
allocation of energy assets.  
 
Portfolio theory was initially conceived in the context of financial portfolios, where it relates 
E(rp), the expected portfolio return, to σp, the total portfolio risk, defined as the standard 
deviation of past returns. Work published by Awerbuch (2003) in the field of portfolio 
optimization with regards to energy generation is utilised in this study. Awerbuch evaluated 
the perception that the finance-oriented portfolio analyses and optimization theory may offer 
valuable enhancements to energy planning, and the concepts of energy security and diversity. 
More precisely, the relevant portfolio measure for valuing energy generating options is how a 
particular option affects the generating costs of the portfolio of resource options, relative to 
how it affects the risk of that portfolio. He concluded that the combination of better portfolio 
construction and more accurate pricing leads to better decisions in the energy supply.  
 
The principles of the mean-variance portfolio theory developed by Harry Markowitz and 
refined to modern portfolio theory used in CAPM are applicable to this study. Without 
elaborating on how the optimization model functions, it is still important to understand the 
critical concepts listed below: 
1. An efficient portfolio takes risk and expected return into consideration by 
maximising the expected return for any given level of risk, while minimising the 
risk for every given level of expected return. 
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2. Properly designed portfolios yield a portfolio effect, which means risk reduction 
attained through diversification. A portfolio affect is achieved when risk decrease 
without decline in the returns, by removing assets with higher risk, but average 
returns. 
3. The best portfolio combinations from the different assets can be found on the curve 
called the efficient frontier and reflects optimum portfolio combinations of assets. 
The efficient portfolios all lie on the efficient frontier. 
4. Should the portfolio be able to invest in some risk-free assets, it will be possible for 
the portfolio to reduce the portfolio risk without sacrifice of return below the return 
on risk-free assets. Alternatively, the portfolio can improve the return without 
taking more risk. 
5. The tangency portfolio represents the highest return per unit of risk. The expected 
return on an efficient portfolio can be increased only by increasing its risk. There 
are no more gains from risk-free assets on a risk-return basis therefore the tangent 
portfolio is the first portfolio on the efficient frontier without risk-free assets. 
 
For energy generation, portfolio optimization techniques calculate ways to develop 
diversified generating portfolios with known risk levels that are commensurate with their 
expected overall electricity generation costs. Energy security is reduced when countries (and 
individual firms) hold inefficient portfolios that are needlessly exposed to cost risk or the 
threat of abrupt supply disruptions says Awerbuch (2003).  
 
Planning energy supply is very similar to investing in financial securities, where financial 
portfolios are widely used by investors to manage risk and to maximise performance under a 
variety of unpredictable outcomes. Likewise, it is possible to consider electricity generation 
not in terms of the cost of a particular technology today, but in terms of its contribution to 
portfolio cost. At any given time, some alternatives in the portfolio may have high costs while 
others have lower costs, yet over time, an astute combination of alternatives can serve to 
minimise overall generation cost relative to the risk. Energy planning needs to focus less on 
finding the single lowest cost alternative and more on developing efficient (i.e. optimal) 
generating portfolios, is the advice of Awerbuch (2003). 
 
An analysis based on expected revenues from electricity sales, renewable energy feed-in 
tariffs or the price of conventional electricity can be used to determine the expected return in 
144 
 
cents/kWh, but with such an approach the selling price of electricity needs to be differentiated 
based on generation technology used. Electricity is a highly homogeneous product and prices 
are not differentiated based on the various technology types used, therefore variations in 
electricity market prices are not relevant. However, the cost of various technologies used, is 
critical to the total cost of generation, therefore performance measurements are cost-based 
such as cent/kWh.  
 
Financial returns generally reflect an income divided by an investment, i.e. (dollars 
returned)/(dollars invested). The financial return measure is dimensionless as both values uses 
a common denominator (dollars), a property that does not hold for cost-based return 
measures. Analogous to the treatment of financial assets, generation costs are converted to 
return-based measures, by inverting it. The unit of expected portfolio return for generation 
assets therefore switches from cost-based measure (cents/kWh) to become kWh/ cent, which 
is a return-based measurement. 
 
Awerbuch (2003) pointed out that it is useful to note that portfolio theory is based on a set of 
assumptions that generally hold only in highly efficient financial markets, but which may not 
be strictly relevant in the case of a portfolio of energy assets. Some of these assumptions may 
not be crucial, while the importance of others still needs to be determined. The market for the 
energy assets, e.g. turbines, coal plants, etc., may be relatively imperfect as compared to 
capital markets, which suggests that, unlike financial securities, which can be readily sold, 
investments in energy assets are less easily liquidated. Financial securities are highly divisible 
that allow for very accurate portfolio optimization with selected assets. Energy assets may be 
quite lumpy by comparison, which might cause inconsistencies in accurate optimization. 
 
Awerbuch (2003) selected a portfolio with two fossil assets, namely coal and gas as well as 2 
renewable assets, namely wind turbines and solar PV. Risk was initially based solely on fuel 
price variation, computed on the basis of annual data for a period of time. The analysis is then 
taken further by also including operation and maintenance (O&M) risk, and the analysis is 
completed by including investment and planning period risks. The inclusion of investment 
period risks necessarily makes sense only where existing capacity is differentiated from new 
capacity. 
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The portfolio model used by Awerbuch (2003) reflected the market or cost risks for: 
i) Fuel  cost outlays,  
ii) Variable O&M costs,  
iii) Fixed O&M cost, and  
iv) Construction period costs.  
 
Passive renewable technologies with zero fuel costs, such as PV, wind, hydropower, 
geothermal and landfill gas do not exhibit fuel risk. Hence these technologies might be 
considered as riskless assets in this part of the analysis in the sense that their year-to-year 
costs are virtually unchanged. Due to their high modularity, availability and short lead-times 
their construction period risk can be ignored as well. Another asset that could be considered is 
investments in demand-side efficiency improvements, as it also tend to behave like riskless or 
tangible assets. These assets are generally characterised by relatively high (riskless) capital 
cost and no fuel or O&M costs. The portfolio model finds the optimal or efficient portfolio set 
using Microsoft ExcelTM SOLVER, which employs an iterative procedure to plot the 
minimum risk portfolio combination for each level of return. 
 
In Figure 4.5 the minimum variance portfolio of the fossil energy assets occurs at a 
combination of 77% coal and 23% gas (minimum variance portfolio identified by the yellow 
dot). After this point, further gas additions increase both risk and return until portfolio is 
100% gas, identified by Portfolio A. The tangent portfolio with 72% coal and 28% gas energy 
assets is identified by Portfolio M. This portfolio is the optimum combination in terms of risk 
and return. Portfolio L represents a portfolio with only renewables and Portfolio M has no 
renewables.  
 
The efficient frontier is formed by the straight-line between portfolio L and portfolio M and 
continues at a lower trajectory to Portfolio A. The portfolios between L and M hold a 
combination of fossil fuel energy assets (in the ratio as determined in Portfolio M) combined 
with some renewable assets. The efficient frontier is explained using Portfolio K with 6% 
renewables, which has similar return as the minimum variance fossil portfolio, but at lower 
risk. A portfolio with more renewable assets, such as Portfolio H with 50% renewable assets 
will have a substantially lower risk than the minimum variance fossil portfolio, but will also 
have a lower expected return. 
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Figure 4.5:   Portfolio combinations of “energy assets” on efficient frontier  
 
Source: Awerbuch (2003:18) 
 
The discussed approach is followed to construct an optimal energy portfolio for South Africa. 
The various energy technologies will be called “energy assets.” Therefore the energy 
portfolio will host energy technologies that will be identified as “energy assets” with the 
following names: coal, oil, nuclear, biomass, hydro etc. The following three portfolios will be 
developed by using the TEEM methodology and these portfolios will be equal in size to the 
proposed NDP portfolio and evaluated against NDP proposed portfolio: 
1. TEEM portfolio (optimum portfolio without climate change mitigation agenda, but 
constraint by existing infrastructure).  
2. Low carbon portfolio (optimum portfolio with optimum climate change mitigation 
implemented within the constraints of the existing infrastructure).  
3. Low carbon high labour portfolio, where assets will be selected that reduce CO2 
emissions, as well as create employment. The existing infrastructure will also be a 
constraining factor in selecting the energy assets for this portfolio. 
4. Proposed NDP portfolio as the portfolio that is the stipulated plan in the Integrated 
Resource plan for electricity to 2030. 
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4.15 FINALISE ECONOMIC MODEL AND RUN SIMULATIONS 
After the portfolios of energy assets have been compiled, calculating the impact of different 
strategies on economic growth is necessary. In Figure 4.3 the fourth processes in developing 
TEEM is to finalise economic model and run simulations. It is difficult to understand 
and forecast the main components of the economy without developing a forecasting model 
with financial and statistical formulation of the inter-relationships between those components 
and their multiplier effects (knock-on effects) in the economy. GDP is one of the key 
indicators of a country’s economic performance and is critical in the planning processes of 
the country. The National Budget of the Government is developed based on certain 
assumptions with regards to GDP growth and the expected taxes that could be collected based 
on the expected economic activity. 
 
The components of GDP namely, private consumption, Government consumption, gross 
capital formation and net exports reflect the sum total of various transactions on goods and 
services during the period of one year. These transactions are recorded in the National 
Accounts of the country. From the National Accounts the Supply and Use tables are compiled 
as a fairly detailed summary of the various components of the economy. The effect of 
inflation is neutralised by working in constant prices based on 2005 base year. 
 
The SU-t can be converted to a ratio table and two very valuable analytical and statistical 
tools have developed as derivatives of the SU-t namely the input coefficient matrix and the 
inverse coefficients (multipliers). Due to established economic structures and competition, 
these ratios are fairly stable over long periods and respond to structural changes in the 
economy. The input coefficients give valuable information on what the input structure is for a 
specific industry or product. Due to the interrelationships between industries in the economy, 
a change in final demand for a specific product causes ramifications throughout the system, 
which changes not only the inputs and outputs of a specific industry concerned, but also the 
inputs and outputs of other industries in the economy. The inverse coefficients or multipliers 
are useful to analyse the direct effects on the production process in the economy, but also to 
include the indirect effects on the production process in the economy. The Leontief inverse 
coefficient matrix illustrates the interrelationships between industries and shows the total 
impact on the production process in the economy. Therefore, the change of production of 
industries and products can be calculated, if there is a change in final demand. 
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Monte Carlo simulation and regression analysis is used to forecast the SU-t for 2030. Among 
the key values in the SU-t is the GDP for 2030. The accuracy of the forecasted SU-t is 
validated by calculation of the coefficient matrix and the inverse coefficients. This is 
simplified economic system that is used to reflect on the impact on GDP due to changes in the 
energy related variables. South Africa has an open economy, meaning that there is substantial 
trade with foreign countries and as a result the economy will be affected directly by 
international markets and price movements. The international market conditions will 
influence the domestic economy in terms of quantities and prices of imported goods and 
services, as well as the demand for its goods and services to be exported. In the primary 
research these key model assumptions related to currency, interest rates, inflation, and fuel 
costs have been formulated and their descriptive statistical characteristics determined. With 
these key model assumptions determined, the impact of the different portfolios on the GDP 
can be measured.  
 
Similar to Supply and Use tables for the overall economy, there are Energy Balances, which 
are in fact basically Supply and Use tables that reflect the movement of energy within the 
economy of the country as well as the internal relationships and correlation between 
industries. The different portfolios will affect the Energy Balance for South Africa in 
different ways. The impact on the Energy Balances has to be modelled as part of the energy 
industry impact on the wider domestic economy (IEA, 2010). 
 
An energy asset allocation is loaded in the system, using one of the four proposed portfolios, 
identified as the NDP Portfolio or the 3 alternative portfolios as determined by TEEM, 
namely TEEM Portfolio, secondly Low carbon Portfolio or thirdly Low carbon High labour 
portfolio. The impact on GDP from the selected portfolio would become visible in the fuel 
used as reflected in the Energy Balances of the country as well as the impact of capital cost 
and employment. Within the economic model the algorithms will calculate the changes and 
the impact on the GDP for each portfolio. 
 
 
4.16 CALCULATION OF IMPACT ON GDP GROWTH RATES 
The final process in the TEEM according to diagram in Figure 4.3 is for the TEEM to 
calculate an expected GDP for each portfolio towards 2030. Calculations are based on 
constant 2005 prices to exclude the impact of inflation on the GDP, but as SU-t are based on 
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basic prices, the calculations are also done in basic prices. The results are then verified by 
comparing the results by using a forecasted GDP deflator. The calculation of the impact will 
compare the expected GDP for the four alternative portfolios and would only focus on the 
energy decisions and directly related externalities and employment.  
 
In all these portfolios there is a constraint that the portfolio needs to include all existing 
energy infrastructure before any new infrastructure is developed. In Low carbon High 
labour portfolio the TEEM measuring instrument has the objective to optimize the 
selection of energy assets (generation mix) to meet consumption in the economy in 
a way that achieve social goals and maximise GDP.  
 
Since employment and wages are key drivers of the GDP and are relevant to socioeconomic 
environment and final consumption, the scenarios should consider the effect on employment. 
Optimum portfolios or portfolios on the efficient frontiers for TEEM Portfolio or Low carbon 
Portfolio might not be the best solution when the labour impact is considered. By developing 
a new scenario, the TEEM measuring instrument will endeavour to accommodate the factors 
of the employment as part of the external cost factors (socioeconomic externalities) and 
calculate an efficient frontier of portfolios that optimizes return and risk with consideration of 
GHG emissions, as well as employment as externalities. Low carbon High labour portfolio 
will represent Low carbon Portfolio with labour externalities added.  
 
 
4.17 CONCLUSION 
In Chapter 2 an overview of the climate change challenges and how the body of knowledge 
has been expanding in recent years, has been discussed. Chapter 3 focused on how South 
Africa has responded to the challenges of climate change, and what is the current climate 
change policy of the country. This chapter discussed the methodology of the research model 
and conceptual design of a mathematical measuring tool called TEEM that will be used to 
calculate and evaluate the cost of various energy supply strategies. These strategies are 
combined in the portfolio and the cost impact of the portfolio will be reflected in the GDP of 
South Africa. 
 
 A principal component analysis will determine the key drivers of the GDP and will include 
economic variables, as well as information on resources and energy assets (technologies). 
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Secondary research will be done on the technical data required as variables in TEEM. 
Primary research is conducted to collect data that are related to predictions on cost, prices, 
supply and demand, and customer preferences.  The result of the primary and secondary 
research is used to develop the alternative TEEM portfolios of energy supply assets.  
 
The interdependent relationship between the various industries in the intermediate 
consumption economy is described in the Supply and Use tables, as well as the relationship 
with various groups of end users.  The intension is to obtain a clear indication of the impact of 
energy decisions with regards to climate change have on the GDP and GDP growth rates over 
time. The impact of the different portfolios on the GDP will be calculated and evaluated. 
 
The allocation of the energy assets within the constraints of full and preferential use of the 
existing energy infrastructure before new capacity is built. The NDP proposed portfolio and 
three portfolios developed by TEEM will be compared to determine if the NDP portfolio is an 
effective portfolio. The impact on GDP will be measured and compare between NDP 
Portfolio and the three portfolios developed by the TEEM, namely TEEM Portfolio, the Low 
carbon Portfolio and the Low carbon Portfolio High labour portfolio.  
 
The next chapter will discuss the data collection through a primary research questionnaire and 
a literature study to collect the information required to compile the TEEM measuring 
instrument. 
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TEEM MEASURING INSTRUMENT: PRIMARY AND SECONDARY 
RESEARCH 
 
CHAPTER 5 
 
 
5.1 INTRODUCTION 
Based on the conceptual design as discussed in Chapter 4, and displayed in Figure 4.2, there 
are independent variables such as interest rates, exchange rates, taxes, a legal and policy 
framework and market participants such as competitors, suppliers, Government sector and 
even trade with foreigners. Changes that take place in the independent variables will affect 
the GDP of the country. Many of the independent variables change in reaction to changes in 
the international environment, and most of the time a country has very little control over most 
of changes in these independent variables. International influences are therefore part of the 
independent variables. Jointly, changes in these variables affect some industries in the local 
economy directly and others on an indirect basis. In the last two decades climate change has 
surfaced as a social responsibility that governments have to treat with growing sensitivity.  
 
The participants in the energy sector, and other sectors that the climate change policy would 
typically affect, are grouped together as intermediate variables. Some of these intermediate 
variables have a direct impact on the dependent variables, being the key driving forces of 
GDP growth, while some intermediate variables from within the energy sector have an 
indirect impact (influence) on the dependent variables. GDP related data can be extracted 
from the existing key economic indicators (South African Reserve Bank bulletins), while the 
information on some of the other intermediate variables would require information related to 
the energy sector or other affected industries. Mapping of the dependent variables against a 
standardized indicator such as GDP is done to develop the mathematic linear or quadratic 
equations, for each of these dependent variables against a selected standardized indicator. 
Some of the independent variables such as carbon tax or carbon emission targets are new 
concepts with no history, but it could be used in climate change policy decisions.  
 
This chapter will concentrate on the primary and secondary research effort to obtain the input 
data for the TEEM measuring instrument. A literature study was conducted before the 
primary research questionnaire was developed. The focus of the primary research 
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questionnaire is predictive therefore; it endeavours to determine price, cost, supply and 
demand trends to 2030. A forecast of economic indicators such as inflation, interest rates and 
exchange rates are also requested from respondents. It also enquires about the preferences for 
different types of energy assets for the period between 2011 and 2030.  
 
The questionnaire is developed in a way that it would obtain the views of a target group of 
experts and specialists, with regards to the economy, as well as various energy resources and 
the technology solutions available. This chapter will discuss the execution of the primary 
research as well as the key findings. Annexure A is the questionnaire used in the study and 
Annexure B displays the questions with its results in frequency tables. 
 
The secondary research has a dual focus. Firstly, to develop the primary research 
questionnaire and secondly, to investigate the different types of energy assets, technical 
specifications of the different energy assets, the characteristics of the fuel, levelised cost of 
electricity, historic cost of infrastructure and fuel. The second part of the chapter addresses 
the secondary research results.  
 
 
5.2 PRIMARY RESEARCH  
The purpose of the primary research in this study is to obtain the views of energy, business, 
and economy experts on changes in key model assumptions due to climate change policy 
decisions. The predictions of the experts will be analysed. It is difficult to estimate the 
population of so-called “experts” and to determine a representative sample to complete the 
questionnaire. The approach taken to identify possible participants was to analyse which 
individuals were speakers at conferences on energy, study news media to identify more 
individuals to approach and to review research studies, policy documents and white papers 
published for the details of the authors. Some 300 individuals were identified in the areas of 
management of energy businesses, corporate advisors, energy experts, economists, academic 
researchers, business executives, and senior government officials in energy. 
 
The Delphi method was used as it is a structured communication technique to develop a 
systematic, interactive instrument that relies on a panel of experts to perform the forecast for 
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the key model assumption. A small number of experts are suitable to perform a study in a 
fairly homogeneous environment. Although the field of energy seems homogeneous, several 
respondents replied that they could not respond because their expertise was limited to certain 
areas in the energy sector, such as only electricity, coal, oil, or renewable energy. 
 
5.2.1 The participants 
A total of 85 respondents have participated in the study and most of the participants gained 
their expertise through past and previous employment. An analysis of the origin or source of 
expertise indicated that 56% of the participants have gained their expertise in their current 
employment positions, while 20% also gained expertise from previous positions and 23% 
indicated study and research. If current employment is such a prominent source of expertise, 
it should reflect in the positions occupied by the participants. The age of participants was 
built into the questionnaire to verify data as experts and specialists are mostly older and more 
experienced individuals. The study analysed the employment position of the respondents 
based on the seven categories from which the participant could choose. Figure 5.1 displays 
the allocations of the participants in the various categories they could select for their current 
employment. There was a very strong participation from business executives, and 
disappointing response from senior government officials and senior management in large 
energy companies that were invited to participate.  
 
Figure 5.1:     Distribution of the current employment of the participants 
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Due to the weak response from a few large industries in the energy sector, there has 
developed an overweight in the representation from the renewable energy industry with 47% 
of the respondents being associated with wind or solar. In some areas of the questionnaire, 
dealing with renewable energy, it was clear that the participants support and promote wind 
and solar.  
 
Figure 5.2:     Distribution of experts and specialists to selected industries in the energy 
sector 
 
 
A concern with regards to the data reflected in Figure 5.2 is the very large ratio of experts in 
the solar and wind industries, considering that South Africa has no major solar PV or solar 
CSP installations to date and almost none on wind. In wind and solar about 50% of the 
experts are less than 40 years old and they claim to be experts based on current employment, 
of where there are very few projects through which these individuals could have gained 
expert knowledge. Due to the skew distribution among the respondents, with the over 
representation of wind and solar it is very important to be aware of the risk of a biased view 
towards renewables and against fossil energy in the responses, where the questions measure 
preference for specific fuel types or technologies. 
 
In Figure 5.3 it is displayed that there are three age groups that participants could choose 
from, namely <40 years, 41 to 55 years and >55 years. With this question it is assumed that 
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there is a significant correlation between age and expertise. This assumption can be contested, 
but the likelihood of an expert at age 55 is much higher than an expert at age <40. The three 
selected age groups were chosen to verify if the experts have sufficient work experience to be 
classified as an expert. With solar and wind there seems to be too many experts, but also, half 
of the experts are still younger than 40 years and have gained their expert knowledge in the 
current employment positions. It is no secret that South Africa has too few projects in solar 
and wind to have developed so many renewable energy experts.  
 
Figure 5.3:     Age distribution of the participants 
 
The Delphi method requires that the experts or specialists complete the questionnaire. After 
all of the participants were informed of how the group has responded to the respective 
questions, the experts can then review their original answers. As a result the later results of 
the group should move closer to a uniform view inspired by the collective wisdom of the 
group. It is a problem to convince experts to participate in multi-round questionnaires and 
experts will not amend their previous answers as they see it as submitting to group thinking. 
 
They returned some of the questionnaires that were sent out on the second round with minor 
amendments, but most participants responded that they reviewed the group results and has 
decided not to amend their previous answers. Annexure B is showing all the questions as well 
as the frequency distribution of the responses received after the second round had been 
completed. With such small change from round one to round two there is little value in doing 
a third round. The research results displayed in Annexure B will be used in the TEEM model 
and only some of results will be discussed in the following sections. The questions were 
grouped together to address similar aspects in a logical order, as listed below: 
1. Questions regarding key model assumptions about energy and resources 
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2. Questions on economic impact of key model assumptions 
3. Questions/statements regarding climate change mitigation until 2030 
4. Questions on the relationship between energy costs, GDP growth and employment 
To ensure that the results from the primary research is in a format that could be used in the 
TEEM model, the questionnaire was developed to consist of multiple choice questions only 
and the outside boundaries of possible answers were determined in the secondary research 
conducted prior to developing the questionnaire.  
 
5.2.2 Questions regarding key model assumptions about energy and resources 
There were a number of mainly economic variables identified that have significant impact on 
the GDP. Some research regarding expected future movements of these variables was 
undertaken and eventually this was included in the questionnaire to verify the levels 
established by the literature study. There is also a need to predict the expected price 
movements of energy resources such as coal, natural gas, oil, biomass, nuclear fuel and 
synthesis gas (syngas). Also, the future demand for electricity and liquid fuel had to be tested 
in the primary research. Questions 2.1 to 2.14 and the results of each question are available in 
Annexure B.  
 
Some of the results displayed in Annexure B deserve a brief comment. Inflation is a key 
driver and it appears as if the market expects a continuation of the previous successes to 
manage it within the inflation targets of 3% to 6%. In Question 2.1 the inflation rate (CPI) 
until 2030 was clearly forecasted between 5% and 7% with 71% of the participants holding 
that view as seen in Figure 5.4. 
 
Figure 5.4:    Forecasted range for inflation rate until 2030 
 
 
As could be expected the forecast of the Rand/Dollar exchange rate was very much 
influenced by the recent depreciation of the currency. At the time of compiling the 
questionnaire there was a much more bullish sentiment than during the time when the 
questionnaire was completed. Where R12/USD was expected to be the boundary for the 
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currency depreciation towards 2030, the results now show some 25% of participants expected 
the Rand to be weaker than R12/USD over the period to 2030. Figure 5.5 displays the 
response of the participants expected range for the Rand/USD exchange rate until 2030. The 
forecast in the current distribution is still suitable for input in the TEEM, but it is important to 
understand that there is a firm view that the currency could be weaker than R12/USD. 
 
Figure 5.5:    Forecasted range for R/$ exchange rate until 2030 
 
 
In terms of GDP growth there are almost 80% of the respondents that expects growth between 
2% and 4% with 44% that selected 2% to 3% and some 35% of the respondents expect GDP 
to grow between 3% and 4% towards 2030. This is substantially lower than the growth rates 
required to reduce unemployment in the economy. The recent GDP growth rate of 0.9% per 
annum was released after the participants have submitted their responses, but it might be that 
some of the participants would select lower forecasts now based on the recently published 
GDP growth rate. The range for GDP growth until 2030 as forecasted by the participants is 
illustrated in Figure 5.6. 
 
Figure 5.6:    Forecasted range for GDP growth rate until 2030 
 
 
The finance cost of major infrastructure projects is also tested and 44% of the participants 
foresee the rate between 10% and 12% until 2030 and another 25% sees it between 12% and 
14% per annum. The investemt returns on bonds and debt instruments in the capital markets 
or other investment instruments influences the cost of long term debt finance. Long term 
finance is critical in large infrastructure projects, such as energy projects that are mostly 
executed in ring fenced project finance structures with very high debt gearing. The interest 
cost influences the internal rate of return (IRR) required by the investors that would invest in 
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these type of projects. Figure 5.7 displays the forecasted range for the cost of long term 
finance until 2030 as perceived by the participants. 
 
Figure 5.7:    Forecasted range for the interest rates on long term finance until 2030 
 
 
The forecasted oil prices and the natural gas prices seem to continue with the current trend to 
drift apart. With some large gas reserves recently discovered there seems to be a view that the 
price of natural gas will increase less than oil prices as reflected in Figure 5.8. Looking at the 
levels forecasted relative to oil prices currently around $100 per barrel crude oil, it seems as if 
the prices increase at much lower rates into the future.  
 
Figure 5.8:    Forecasted range of oil prices and range of natural gas prices until 2030  
 
 
The rapid acceleration in oil prices from $60 per barrel to current levels seem to have made 
some alternative fuel resources feasible that were previously seen as economically 
unviable.As a result these alternative fuels will start to erode the target market of oil and gas. 
 
Another very interesting result was the forecast of coal prices, where it is expected that C-
grade coal will fluctuate within the range between R200 per ton and R425 per ton until 2030, 
however, 34% of the participants were of the opinion that the range will be within R275 to 
R350 per ton. Eskom uses the lower quality C-grade coal in most of the local coal fired power 
stations. The literature study suggested stagnation in coal prices as the move towards 
renewables gain momentum, but also because the factors that drove coal prices higher in 2010 
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and 2011, such as supply shortages due to the floods in Australia and the logistical bottleneck 
in supply from other countries, have abated. As a result the export prices for coal have 
decreased to levels seen before the Australian floods. The lower export prices directly affect 
South African coal mines. During 2009 Eskom had to increase coal reserves at power stations 
and the global coal shortages during 2010 and 2011 have led to rapid increases of coal prices 
in the domestic market, but it is expected that coal prices will increase at a much slower rate 
towards 2030.   
 
The forecasted price ranges for the different fuel resources were within the boundaries and 
there were acceptable frequency distributions over the selected ranges set for each fuel 
resource. The detail information of the various fuel resources are displayed in Annexure B. 
 
One of the contentious issues from the IRP2010 was the forecasted electricity supply to 2030 
to meet the demand where the IRP2010 forecasted demand to grow to 450TWh by 2030. The 
slow growth in electricity demand since 2008 has clearly indicated that 450TWh could be too 
high. Only 6% of the participants viewed the requirement of 425TWh to 450TWh as realistic, 
while 19% selected 400TWh to 425TWh. Most participants, namely 24%, selected 375TWh 
to 399TWh as the electricity required per annum and 21% of the participants selected a lower 
requirement at 350TWh to 374TWh, while 9% believed that the requirement will be 
<350TWh per annum by 2030. Figure 5.9 shows the views of the participants on expected 
demand for electricity by 2030. Due to fairly large losses during generation and transmission, 
as well as safety margin on the grid, there is a discrepancy of about 15% or more between 
electricity generated and electricity actually sold to consumers. For this study the demand will 
refer to the gross amount to be generated before any losses are accounted for. 
Figure 5.9:    Forecasted demand for electricity by 2030 
 
 
 In terms of liquid fuel requirements it seems that 51% of the participants were of the opinion 
that the quantity of liquid fuel required by 2030 will be between 30 million tonnes and 34 
million tonnes per annum. A concern here is that 21% of the participants indicated the 
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requirement will be >36 million tonnes while the interval of 34Mt to 36Mt was selected by 
substantially lower 12% of the participants.  
 
5.2.3 Questions on economic impact of key model assumptions  
Questions 3.1 to 3.12 used the Likert scale to determine the intensity or level of confidence 
by the participants with regards to certain economic variables or economic impact of these 
key model assumptions on GDP and employment. On the question whether inflation would 
remain within the inflation targets of 3% to 6% per annum, the responses were neutral to 
disagreement, but the next question where inflation was indicated higher between 5% to 6% 
per annum, the level of agreement increased to almost 40%. The category for strongly agree 
remained below 5%. The assumption for inflation is therefore based on the 5% to 6% 
forecast. 
 
With the higher inflation forecast it can be expected that the ZAR/USD exchange rate forecast 
would also be weaker and 41% of participants disagreed with the statement that the 
ZAR/USD would remain relatively strong due to rapid increases of the USA debt and the 
USA monetary easing policy. 
 
Regarding the financial crisis in Europe, 45% of the participants were of the opinion that it 
will not be resolved soon, and 35% felt that it was hurting the GDP of South African 
economy real badly. The participants were also very optimistic with 45% believing that South 
Africa will be able to develop new markets by 2015 and would have replaced the business 
lost in Europe since the start of the financial crisis. A rapid slowdown in the GDP was 
announced after the questionnaires had already been received for the second time and have 
not influenced the participants’ view on South Africa’s ability to replace the European 
demand with sales into new markets. However, it may do so after the low GDP growth was 
announced recently. 
 
There was a very clear response by almost 75% of the participants who agree or agree 
strongly with the statement that the South African economy has been grossly 
underperforming since 2009. A total of 84% of the participants agreed or agreed strongly with 
the statement that poor maintenance of the existing infrastructure such as roads and railway 
lines have limited GDP growth. Another statement that 80% of the participants supported, 
who agreed or strongly agreed, was that they saw the current labour legislation and the 
161 
 
strength of labour unions as important reasons for slow GDP growth. This is no new 
revelation, but perhaps a perception that is gaining momentum and a serious failure by 
Government to create an enabling environment for GDP growth.  
 
One of the other areas that were also tested in this section of the questionnaire was whether 
the stronger growth in service sector and weak growth in manufacturing could be ascribed to 
BEE policies that discourage large private sector investments in the industrial sector. Here a 
number equal to 34% of the participants agreed and another 12% agreed strongly. Together 
this is almost 50% with another 19% that were neutral; with only 35% of participants 
disagreeing with the statement that BEE discourages large industrial investments. The NDP is 
not adequately addressing these issues, which raises the risk of failure for the NDP. 
 
It seems that Eskom has made much progress in convincing opinion makers and business 
leaders that cost reflective tariffs should be around R0.90/KWh, and not around the actual 
R0.50/KWh. Here 36% of the participants agree and another 31% agree strongly with the 
views of Eskom. Some points are to be taken into consideration to put this into perspective. 
Almost 50% of the participants are from the renewable energy industries and the higher 
Eskom claims cost reflective tariffs to be, the more feasible renewable energy will be.  
 
Secondly, Eskom still owns fully paid-off coal power stations, which bring the average cost 
of energy generated to around R0.40/KWh and only new generation assets will be at the 
higher cost, as a result the average cost would still be substantially below R0.90/KWh. The 
third aspect is more a matter of principal, where consumers are charged higher tariffs without 
getting value. The power station is still under construction, but the power company is already 
allowed to increase tariffs to fund the building programme. In the private sector this is not 
tolerated. If a retailer dramatically increases the prices of its merchandise to finance another 
outlet under construction, the consumers will switch to the competition, yet in the energy 
sector the consumer is exploited. The question should then be asked whether tariffs are 
reduced once the new power station is paid-off, and the answer would be, no. 
 
5.2.4 Questions/statements regarding climate change mitigation until 2030 
The results of Questions 4.1 to 4.12 are displayed in Annexure B. The questions were asked 
based on statements associated with climate change mitigation strategies. Evidently, the 
message of greenhouse gas emissions leading to climate change is well understood, and 
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perceived to be true by 38% of the participants or mostly true by another 32%. Opinion and 
business leaders have clearly been well informed of the carbon footprint of South Africa 
where the carbon emissions per capita was indicated at 6 to 8 tonnes CO2 per annum by 
almost 50% of the participants. Only 20% were of the opinion that the carbon footprint per 
capita was less than 6 tonnes CO2 per annum.  
 
A few questions were asked regarding whether South Africa should build more coal fired 
power stations, nuclear, different renewable energy power plants or import electricity from 
neighbouring countries. With every question a statement was made regarding the cost of the 
strategy, for example cost of wind energy, relative to the cost of electricity from coal. For 
each strategy the respondent could select one of four options, between no implementation and 
the maximum limit. The questions were based on the proposed energy plan, IRP2010, now 
included in NGP and discussed in Chapter 3, Section 3.4 and summarised in Table 3.1.  
 
Although the IRP2010 indicated that a 6.3GW new coal fired power station has to be built by 
2030, it was decided to allow respondents the option to select up to 9.6GW which is equal to 
two new coal power stations like Medupi and Kusile. Some 51% of the respondents were 
totally against any further coal power stations. This could be incorrect due to the bias towards 
renewable energy among the participants where around 50% are from renewable energy 
industries. In the literature study there was lower resistance to coal power stations. The 
balance of participants supported various levels of coal power stations, for example 21% 
supported a new coal project of 3.6GW, also 12% supported 7.2GW expansion, and 16% 
supported up to 9.6GW of new coal fired power stations. It is clear that there still is support 
for coal power stations despite the negative publicity on CO2 emissions from coal power 
stations. Figure 5.10 displays the responses of the participants on the strategy to build new 
coal power station until 2030. The coal projects in this case exclude clean coal projects. 
 
Figure 5.10:  Participants’ support for the strategy to build more coal power stations up 
to 2030 
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A nuclear energy target of 9.6GW is set in the IRP2010 and 41% of the participants were 
supporting this strategy and 33% were against nuclear energy. The statement made with the 
nuclear question was that nuclear is a clean energy, but it creates nuclear waste and is very 
capital intensive with few employment opportunities for highly qualified employees. In 
Figure 5.11 the results of the question on nuclear is illustrated.  
 
Figure 5.11:   Participants’ support for the strategy to build nuclear power stations up 
to 2030 
 
 
Deputy President Motlanthe said the South African Government remains committed to 
nuclear power generation to meet the country’s growing energy needs and facilitate economic 
growth in decades to come, because the country has well-established systems and 
facilities including regulation on licensing, nuclear construction and fabrication, health and 
safety monitoring, and the training of the required skilled personnel (SAnews.gov.za, 
2012). Nuclear has its enemies across the world and in South Africa, and will remain a 
contentious issue. The South African Government will have to tread carefully in this 
minefield where globally, almost every nuclear project under construction is far over budget 
and well behind schedule. 
 
A strategy to implement 8.4GW of wind energy is stated in the IRP2010, but it was decided 
to test up to 10GW in the questionnaire as there was clearly a strong support for wind energy 
amongst the participants with only 2% of the participants eventually voting against wind as 
seen in Figure 5.12. In South Africa the wind industry is very young with only few completed 
projects, while most of the current projects from independent power producers (IPP) are in 
the construction phase. The IPP programme driven by the Department of Energy will be 
rolled-out in a number of “bid windows” of which the first two have been concluded 
successfully. 
  
 
41%
9% 16%
33%
Yes 9.6GW Yes 7.2GW Yes 3.6GW No
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Figure 5.12: Participants’ support for the strategy to expand wind energy towards 2030 
 
 
International expertise and experience have become more readily available to South Africa as 
the wind sectors in other parts of the globe have slowed down. Wind energy is still much 
more expensive than coal fired energy, but at times where base load energy from coal power 
stations is insufficient, Eskom is using open cycle gas turbines to generate extra electricity in 
peak periods at a cost between four  and five times that of wind power. The wind industry 
believes electricity generated by wind turbines may partially or fully remove the need for gas 
turbines. It is not correct to justify wind energy against gas turbine peaking stations that only 
operate when the electricity supply is inadequate. The intermittent behaviour of wind remains 
the negative aspect of the strategy and to truly compare wind with gas turbines, wind will 
have to include some form of energy storage that allow it to supply during periods of peak 
demand.  
 
Solar PV is also a strategy that received a substantial allocation of 8.4GW in IRP2010. By 
increasing the wind allocation to 10GW it was decided to reduce the solar PV allocation from 
8.4GW to 7GW as solar is more expensive than wind for similar capacity. With very high 
solar radiation South Africa is ideal for energy from solar. Most areas in South Africa average 
more than 2 500 hours of sunshine per year, and average solar-radiation levels range between 
4.5 and 6.5kWh/m2 in one day.  
 
The annual 24-hour global solar radiation average is about 220 W/m2 for South Africa 
compared with about 150 W/m2 for parts of the USA, and about 100 W/m2 for Europe 
(Department of Energy, 2013). The reduction in the prices of solar PV panels is good news, 
but solar PV technology is still more expensive than coal or wind energy. More than 50% of 
the participants supported the strategy to install all 7GW and only 14% of the participants did 
not support the strategy to increase solar PV towards 2030, as seen in Figure 5.13. There are a 
number of small solar PV projects completed of which some are rooftop installation projects, 
while most of the larger projects from IPP are still in the construction phase. 
46%
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34%
2%
Yes 10GW Yes 6GW Yes 3GW No
165 
 
 
Figure 5.13:  Participants’ support for the strategy to expand solar PV towards 2030 
 
 
Although the questions were targeted at the installation of large arrays of solar PV panels, in 
industrial installations or larger rooftop installations for businesses, the scalability of solar PV 
makes it ideal for small off-grid installations on farms and small villages away from the 
national grid. Even affluent consumers with access to the national grid, at a specific price, 
would find it cost effective to install solar PV to switch consumption away from the grid and 
become less exposed to escalating electricity tariffs over which they have no control. 
 
In terms of Solar thermal (known as CSP) the IRP2010 indicated 1GW as the target for the 
strategy, but it was decided to test support from the 1GW to 4GW. Electricity from this 
technology is fairly expensive and as an energy asset with limited energy storage capabilities, 
it would be able to compete with gas turbines during periods of peak demand when electricity 
supply is inadequate. During the bid windows, the Department of Energy has allocated some 
CSP contracts, but the feed-in tariffs required make it about four times more expensive than 
coal fired electricity. This technology needs to evolve further and cost has to reduce before it 
will become a viable strategy. The loaded representation of participants from renewable 
energy was evident in the previous strategies for wind and solar PV, and here once again, it is 
difficult to explain 47% support for 4GW of CSP installations, considering the small number 
of CSP installations globally. 
 
For biomass the IRP2010 had no target, but it was decided to set a target of 3GW up to 2030. 
The 48% support from the participants for 3GW is also higher than expected. South Africa 
has enormous potential for biofuel production. In the Government Gazette of 23 August 2012 
the blending requirements for liquid fuel were published, whereby the minimum 
concentration to be allowed for biodiesel blending, would be 5% of the petroleum diesel 
volume and the permitted range for bio-ethanol blending, namely from 2% up to 10% of the 
51%
21% 14% 14%
Yes 7GW Yes 5GW Yes 2GW No
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volume of petrol (Government Gazette, 2012). The E2 and B5 mandatory blending is 
expected to proceed by end of 2013.  
 
The big debate around biomass hinges on food security and preservation of fresh water 
resources. However, there are many developments in biomass where the cellulose material is 
used after the food component has been harvested. Sugar production in SA was estimated at 
2.4-million tonnes, translating to about 20 million tonnes of sugar cane and potentially, 1.6 
billion litres of ethanol. If South Africa used its surplus of 9 million tonnes of sugar cane for 
ethanol production, the market size for bio-ethanol would be about 720 million litres 
(Njobeni, 2012). There are also developments in harvesting algae that will improve water 
quality and supply of biomass. Enzymes and biochemical developments might unlock 
biomass as an energy resource that deserves an allocation of more than 3GW. 
 
IRP2010 set a target for imported hydro power at 2.6GW, but the literature study indicated 
4GW as closer to the truth. There was very strong support for the importation of hydro 
electricity from neighbouring countries, as can be seen in Figure 5.14 where 60% of the 
participants supported the maximum allocated target of 4GW. Only 8% were against 
importing hydro electricity from neighbouring countries. South Africa is currently connected 
to Mozambique where it imports electricity from. Some new opportunities have developed in 
Zambia and the Congo (DRC) from where South Africa might be able to import renewable 
energy in the future. Should South Africa succeed in negotiations with the DRC regarding 
participation in the Inga 3 project, it would be able import almost 50% of electricity that 
Medupi could generate per annum, from DRC. 
 
Figure 5.14:  Participants’ support for the strategy to expand imported hydro-electricity 
 
 
One of the stumbling blocks is transmission losses over very long distances. High voltage 
direct current (HVDC) transformers are used on the power lines from Mozambique as 
60%
15% 16% 8%
Yes 4GW Yes 3GW Yes 2GW No
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transmission losses are much lower on HVDC than on high voltage alternating current power 
lines.  
 
The HVDC technology manufacturers are currently testing up to 1.2 million volt HVDC 
equipment that would make it viable to transfer electricity over such long distances with very 
low transmission losses. Some major disadvantages are the risk of political instability in 
countries that host the generation assets or provide space for the grid connection with South 
Africa. Most employment opportunities would be created in neighbouring countries and not 
in South Africa. 
 
The participants were less certain whether South Africa should invest in the technology to 
exploit the ocean energy resources, with 41% against it and 33% of participants supporting up 
to 3GW installed capacity in ocean energy technologies. The balance of 26% selected only 
1GW. This technology is still at a concept stage, but countries like South Africa with strong 
sea currents should encourage innovation in this area, as it is one of the least developed 
renewable energy  resources, and one in which South Africa could develop a competitive 
advantage. The IRP2010 did not foresee any allocation to ocean energy, but in the research 
questionnaire it was included to a limit of 3GW capacity. 
 
The last strategy to be tested in the questionnaire was the implementation of clean coal 
technologies as part of the energy supply strategy towards 2030. Table 3.1 did not provide for 
a clean coal allocation in the IRP2010, but it was it indicated in IRP2010 that it is foreseen 
that the new coal allocation of 6.3GW could be clean coal energy projects. It is important to 
realise that there was a significant shift in the answers of the participants with regards to more 
coal or more clean coal projects. Figure 5.15 displays the different views expressed by the 
participants regarding new coal power stations and clean coal projects to supply the 
increasing electricity demand towards 2030. 
 
The IRP2010 strategy indicated 6.3GW increase in coal fired electricity, but the questionnaire 
increased the upper limit to 9.6GW. For new clean coal projects the same 9.6 GW upper limit 
was selected. It could be argued that it is implied that all coal fired power stations to be build 
up to 2030, has to be built as clean coal technology projects. It would therefore mean that 
only one of the two strategies could be considered. This aspect was not specifically tested in 
the questionnaire, but there is clearly greater preference for clean coal energy. 
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Figure 5.15:  Participants’ support for the strategies of new coal and new clean coal 
projects to expand electricity supply towards 2030 
  
 
 
5.2.5 Questions on the relationship between energy policies, energy costs, GDP 
growth and employment 
The results of Questions 5.1 to 5.12 are also displayed in Annexure B. During the discussion 
of the epistemological perspective in Chapter 2, it was explained how important it was to seek 
synergy between the views of the policy makers in Government and the views of the opinion 
leaders and business people of the country. Question 4.2 was not discussed in Section 5.2.4, 
but is dealt within this section to provide a clear indication to what extent business leaders 
doubt the ability of the IRP2010 as the strategy to achieve the emission and employment 
targets. Figure 5.16 display the reaction of the participants on the statement that the IRP2010 
will reduce CO2 emissions and create employment, is affordable, and will meet emission 
targets. Almost 40% of the respondents viewed the statement as untrue and reflecting their 
doubt in the IRP2010 as the strategic plan to 2030. 
 
Figure 5.16:  Perception of the participants on the adequacy of IRP strategies to 2030 
 
 
While dealing with the IRP2010 strategy for electricity supply 2010 to 2030, Question 5.1 in 
the questionnaire posed the question of how much value the IRP document has brought to 
respondents in terms of more certainty for planning and resource allocation and Figure 5.17 
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reflects the responses of the participants. It would appear as if almost a similar percentage of 
the respondents found it useful for planning and decision making as the percentage that did 
not. By further analysis it was found that the respondents from the renewables energy 
environment were mostly supporting the IRP2010, as it has brought more clarity for planning 
and decision making in the renewable energy environment. 
 
Figure 5.17:  Participants’ views on the certainty brought by IRP strategies to 2030 
 
 
The energy sector typically has below average income multiplier and employment multiplier 
effects. Government has identified “green energy” projects as part of the growth strategy that 
also needs to create employment. Is this a good strategy? The statement in this question 
should create caution for excessive exposure to energy projects, yet the answers from the 
participants evaluated it is a good to excellent strategy, as shown in Figure 5.18.  
 
Figure 5.18:  Participants views on “green energy” projects as a strategy for growth 
 
 
The cost of building a nuclear plant is very high and construction periods are very long. Due 
to a 60 year lifespan, nuclear power is very expensive for the first 20 years and then average 
and cost efficient the last 20 years. RSA wants to build 9.6GW (5x Koeberg) nuclear plants to 
increase base load generation and reduce CO2 emissions. What is your view of this strategy? 
Almost 50% of the participants were against the strategy or unsure whether to support a 
nuclear built-programme. From the balance of 50% that supports nuclear, only 8% indicated 
it as an excellent strategy to build 9.6GW, and 20% thought it is a good strategy. In Figure 
7%
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5.11 there was 41% in support for 9.6GW nuclear built-programme. It seems that the 
uncertain cost structure in nuclear reduces the acceptability from 41% to 8%. With better 
clarification of cost, nuclear might find 32% to 50% support at much lower installed capacity, 
perhaps 3GW to 3.6GW. 
 
Load shedding is a concept that was introduced to South Africans with the electricity supply 
crisis during 2008 and 2009. Although the cost of electricity is hardly ever a critical cost 
component for a business, the result of a power failures and black-outs could have exorbitant 
cost implications on some industries, such as mineral smelters. A question was asked to the 
participants to determine how much they are prepared to pay additional to the existing 
electricity tariff to prevent their electricity been switched off during load  shedding. 
 
 Figure 5.19 displays the views of the participants as individuals (not the views of corporate 
institutions), with regards to the additional tariff to prevent a 10% load shedding. There is a 
substantial number of people in the country that are prepared to pay higher tariffs to be 
excluded from the load shedding programme however, the 33% of the participants that are 
willing to pay 21-25c/KWh is not representative of the population. Affluent individuals will 
be prepared to pay more while poorer people might not be prepared to pay any additional 
tariffs. 
 
Figure 5.19:  Participants’ views on a voluntary tariff increase to prevent load shedding 
 
 
The reason for testing this was to understand what opinion leaders will do, as that will also be 
the moral standpoint that they would be prepared to defend in arguments. With the current 
technology on the national grid it is not achievable, but with the so called “smart grid” 
developments it might be possible to charge individuals different tariffs and even different 
tariffs for different times during the day. 
 
16% 15% 18% 18%
33%
<5c/KWh 5‐10c/KWh 11‐15c/KWh 16‐20c/KWh 21‐25c/KWh
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Another contentious issue is the pending decision by Government to implement a carbon tax 
on CO2 emissions to finance green energy projects and to encourage fuel switching away 
from fossil fuel (coal & oil). The respondents were asked how much should the carbon tax per 
ton of CO2 be. In Figure 5.20 it is very clear that there are two distinct groups with very 
different views on the level of carbon tax to be introduced.  
 
Figure 5.20:  Participants’ views on the level of carbon tax to be introduced 
 
 
Participants from the renewable energy industries were in support of a R100/ton CO2 carbon 
tax as it is to be used to develop “green energy” projects and also seen as a reward for being 
environmentally friendly with no carbon emissions. The other group of the participants is 
willing to pay R20/ton CO2 carbon tax as they are not going to benefit from this tax and it 
will eventually become a tax that will be transferred to the consumer in the form of higher 
prices. Emission data is known and the impact of carbon tax can be calculated. While dealing 
with carbon tax, there is another question to identify what the impact of R100/ton CO2 carbon 
tax would be on employment. The result of participants’ view on this impact on employment 
can be seen in Figure 5.21. 
 
Figure 5.21:  Participants’ views on the impact of R100/ton CO2 carbon tax on 
employment 
 
 
In the last few years some large corporate industrial companies were prepared to utilise 
surplus heat or steam to drive a small steam turbine and generate electricity, for the purpose 
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to sell electricity back to the national grid. It was a very difficult situation to obtain a power 
purchase agreement (PPA) with the national grid to be able to sell electricity to the grid when 
the corporate was left with excess heat or steam. One of the stumbling blocks was the low 
price offered to the corporate for electricity sold onto the national grid.  
 
A question was posed to the respondents to identify at which price the national grid should 
procure the surplus energy from the corporate companies. Figure 5.22 provide the views of 
the participants of the price that the corporate companies are to be paid when their surplus 
energy is procured onto the national grid. These prices were derived from the price the 
corporate pays when it used energy and is drawing power from the national grid. The price 
paid by the corporate will be called the “grid price” and most participants indicated that it 
should be the price that the corporate should be paid when it sells surplus energy to the 
national grid. 
 
Figure 5.22:  Participants’ views on the price to sell surplus energy to the national grid 
 
 
There was a question to verify whether the increase in hydro-electricity imports from 
neighbouring countries is an acceptable strategy and strong support for this strategy was 
found. As displayed in Table 3.1, the IRP2010 was only indicating 2.6GW, but in the 
questionnaire there was strong support even up to 4GW, despite high transmission risks and 
little local employment opportunities in South Africa. 
 
In the IRP2010 the focus fell on the supply of electricity to meet the demand. There was a 
need to verify the data on the liquid fuel (oil) imports and local fuel production to meet the 
demand for liquid fuels. At the current growth in consumption of liquid fuels, RSA would 
need about 80 000 to 100 000 barrels per day of new capacity by 2020. With major gas 
discoveries near the Mozambique coast the country shoul should build more gas-to-liquid 
GTL plants to provide liquid fuel. Sasol and PetroSA produce fuel from GTL technology. 
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What do you think of this strategy? This strategy was well supported with 75% finding it 
acceptable, good or excellent.  
 
The last three questions are related, and were very relevant around the time when Eskom 
approached NERSA for a 16% tariff increase. Those three questions basically test how much 
would the impact be should NERSA approve a 15% to 16% tariff increase for five years to 
Eskom. This would mean that generation cost would double from R0.50/KWh to 
R1.00/KWh. The participants were of the opinion that it would be substantial to severe 
implications on the economy if tariffs double over the next five years, as seen in the following 
figure. 
 
Figure 5.23:  Participants’ views on the impact of a 15% tariff increase for the next 5 
years 
 
 
When the impact is reviewed in more detail the GDP growth rate and the impact on 
employment opportunities were identified as variables that could deliver measurable results. 
Two questions were included in the questionnaire to interrogate the perceptions of the 
respondents with regards to GDP and employment. In Figure 5.24 it is evident the impact on 
GDP growth is expected to be a decline of about 5% on the GDP growth rate. Should the 
economy grow at 4% per annum, this means that the growth will decline by 5% of 4%, 
therefore the growth rate is eroded from 4% to 3.8% per annum.  
 
Figure 5.24:  Participants’ views on the impact of a 15% tariff increase for the next 5 
years on the GDP growth rate 
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In terms of employment opportunities the participants were of the opinion that unemployment 
would increase due to 1% to 2% retrenchments as a result of the higher electricity tariffs. 
With around 18 million people in formal employment, a retrenchment of 1% to 2% would 
directly remove 180 000 to 360 000 employment opportunities. Should each employed person 
have an average of four dependents, the indirectly effected people would exceed a million 
people. 
 
Figure 5.25:   Participants’ views on the impact of a 15% tariff increase for the next 5 
years on employment 
 
 
 
 
5.3 CONCLUSIONS DRAWN FROM PRIMARY RESEARCH 
 
The first point to emphasize is that the primary research was not conducted to draw major 
conclusions, it was done to generate verifiable input data for the TEEM measuring 
instrument. However, from the results there were some conclusions that need to be 
highlighted. 
 
Participation in the study was drawn skew as more of the invited experts and specialists from 
the renewable energy domain responded while very few of the senior Government officials 
involved with climate change policy decisions and senior management in fossil fuel industry 
responded. A number of highly regarded economists also participated. Overall the quality, 
experience, and skills’ level of the participants were sufficient to make them experts in at 
least one of the industries in the energy sector, and specialists in a number of other industries. 
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From almost 300 invited experts or specialists, a total of 85 participated and 48% of the 
participants were involved with renewable energy. As a result a few answers were clearly 
contradictory to what was published and found in the literature study. This was fairly visible 
in Section 4 of the questionnaire when different strategies were tested against coal fired 
energy, and 45% to 50% of the participants every time supported maximum capacity in wind, 
solar PV and solar CSP and 51% were against any expansion of fossil fuel energy.  
 
The NGP incorporated the IRP2010 as the electricity plan to 2030, yet it seems as if there is 
only tentative support for IRP2010. Question 4.2 has as statement that the IRP2010 is 
affordable and would reduce emissions and create employment, but 38% mark that as not true 
and partly true by another 34% of the respondents. Question 5.1 reported that only 7% found 
IRP2010 excellent for planning and decision making while 24% reported it as a good 
planning document and 35% of respondents rated it fair, but 34% of the respondents indicated 
that the IRP2010 had no or minimal value for planning and decision making. It was mostly 
the renewable energy industry that found good to excellent value for planning and decision 
making in the IRP2010. 
 
 From an energy policy point of view, it appears as if Government is missing the large 
business leaders and opinion makers with the IRP2010 and to only find the support of a 
relatively small, but very vocal renewables industry. There is a definite risk of failure with 
implementation of the IRP2010. The NDP has adopted the IRP2010 scenario and has 
inherited a substantial risk of rejection by big business and labour.  
 
The renewable energy industry or “green economy” has been identified as a growth industry 
in the NGP infrastructure development plan, where it is seen as a good to excellent strategy 
for growth. Renewable energy projects have limited employment opportunities during 
operation and maintenance phases and this is perhaps the ‘Achilles heel’ of the IRP2010. The 
successful implementation of the NDP is critical to the competitive position of South Africa 
in the global economy. The promotion of underperforming industries will not create a 
competitive advantage for South Africa. 
 
The introduction of carbon tax is a very clear example where there were visibly two 
populations with very different views. Renewable energy participants supported R100/ton 
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CO2 carbon tax while most other participants were supporting carbon tax rates from R20 to 
R40/ton CO2. 
 
The ZAR currency has depreciated substantially during the time that the participants had to 
complete and submit the questionnaires. The volatility of the ZAR has shown an increase in 
the number of participants who are expecting the ZAR/USD to depreciate substantially until 
2030. As a result there was a shift to 24% of participants forecasting the ZAR/USD to be 
weaker than R12/USD over the period towards 2030.  
 
With regards to liquid fuel, the NGP has to bring more clarity on improvement of fuel quality 
and the target for biofuels blending. Government has to finalise and approve fuel blending of 
liquid fossil fuel with biofuel to E2 and B5 fuel blending specifications. Petrol will be 
blended with 2% ethanol and diesel with 5% biodiesel.  Apart from upgrading of oil refineries 
to produce the new higher specification fuels, there needs to be expansion of capacity to 
supply more liquid fuel beyond 2020. 
 
The results of the questionnaire have been discussed in the first part of this chapter. In the 
second part the information obtained in the literature study will be discussed and jointly the 
results will be used as input for the TEEM to develop the portfolios of energy assets. 
 
 
5.4 SECONDARY RESEARCH / LITERATURE REVIEW 
 
In order to develop the model assumptions of TEEM, it is important to clearly understand the 
energy sector in terms of cost structures, availability and maturity of the various technologies, 
fuel types, costs and carbon characteristics of the various fuel, and many other unknown 
variables. Through the literature study it was possible to obtain a clear understanding of the 
economy and the energy sector, to develop a questionnaire for primary research that could 
really test the opinions of decision makers on the identified key model assumptions. The 
second part of this chapter will elaborate on the secondary research related to the energy 
sector. The economic research has led to the compiling of a database of historic economic 
data from 1981 to 2012 that will be used to construct the economic model in TEEM. The 
economic research will not be discussed in this chapter, but will form part of the next chapter 
when the TEEM measuring instrument is constructed.  
177 
 
 
The literature review started with a study of the origin of the climate change debate and how 
it gained momentum in the international arena. Chapter 2 dealt with the observations and 
findings based on the review of the documents issued by various research institutions and 
participants such as the United Nations’ climate change research entity, the IFCC. In Chapter 
3 the literature study focussed on the response of South Africa to the challenge of climate 
change. The first major step was in 2009 when the LTMS, developed by a scenario building 
team of scientists, revealed the mitigation scenarios to reduce GHG emissions. It was 
eventually followed by the IRP2010 after two rounds of consultations with various the 
stakeholders. It was substantially different from the LTMS. In 2013 the Government 
approved NDP as the long term economic strategy for South Africa. The IRP2010 strategy for 
electricity supply to 2030 was included as part of the energy plan.   
 
The literature review of the energy sector has to generate quantitative information that can be 
used as input data for TEEM. The first aspect of the energy sector that will be discussed is the 
supply and use of fuel as reflected in the Energy Balance, secondly, the availability of the 
technology solutions (energy assets), followed by emission characteristics and lastly a review 
of energy costs models. 
 
 
5.5 ENERGY BALANCE 
In the economy all transactions are represented in the Supply and Use tables (SU-t) and the 
Gross Value Added (GVA) field of SU-t indicates final consumption for the relevant year. In 
the energy sector there is a similar approach, namely Energy Balances, which are Supply and 
Use tables that reflect the movement of energy within the economy of the country as well as 
the internal relationships and correlation between the suppliers and consumers of energy. The 
energy sector refers to industries related to the supply of electricity, gas and water. In order to 
model the energy sector, a study of energy statistics is required.  
 
Some valuable energy statistics are available from various sources such as The World Bank 
data bank. Energy statistics are derived from collecting, compiling, analysing and 
disseminating data on commodities such as coal, crude oil, natural gas, electricity, and 
renewable energy sources (biomass, geothermal, wind or solar energy) that are used as 
sources of energy. The flows and trade in energy commodities are measured both in physical 
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units such as metric tonnes and energy units. When energy balances are calculated, energy 
units such as gigajoule or tonnes of oil equivalents are used. An energy conversion table 
between physical and energy units is attached as Annexure C. 
 
South Africa has an open economy, meaning that there is substantial trade with foreigners and 
as a result the economy will be affected directly by international market demand and supply 
and price movements. The international market conditions will influence the domestic 
economy in terms of quantities and prices of imported goods and services, as well as the 
demand for its goods and services to be exported. South Africa imports around 70% of its 
liquid fuel requirements in the form of oil that is refined into various types of fuel. Imported 
fuel can be used as intermediate inputs in refineries or other production processes or sold to 
end users. The country also exports around 67 million tonnes of coal annually. Exports are 
typically seen as final consumption. Table 5.1 provides important statistics of the global coal 
market and the contribution of South Africa to that market. 
 
Table 5.1:     Coal production and exports by South Africa (2010) 
 
 
 Source: Van Dyk et al (2012: 5) 
 
Figure 5.26 displays of the coal component of the Energy Balances for South Africa during 
2010. The breakdown of the supply and consumption of coal as revealed below is part of 
Energy Balances for South Africa, which also includes oil and other energy resources. 
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Figure 5.26:  Users and Suppliers of coal in South Africa (2010) 
 
Source: Van Dyk et al (2012: 5) 
 
The production mass of coal is expressed in tonnage while oil production is expressed in 
barrels (bbl) or cubic metres (m3). In the Energy Balances coal and oil are not expressed in 
their physical units, but converted to a comparable unit such as “oil equivalent” or “coal 
equivalent,” or all energy resources are converted to a true energy unit such as terajoule. 
Since coal is not a homogeneous commodity in all countries, and the energy content of a ton 
of coal can vary quite considerably from one mine to another, coal is classified according to 
quality in the Energy Balances. The heat value of coal in terms of terajoule, using a single 
average figure for the energy content of a ton of coal simplify the arithmetic in Energy 
Balances. The true energy content of a ton of coal will depend upon the mix of grades of coal 
within the total amount of coal (UNSTATS, 1982). 
 
Energy statistics are complex because as it supply its main output to every single other 
industry as well as to all categories of final consumer in the economy. The input of the energy 
industry are heterogeneous and it include solids, liquids, gases and electricity with only one 
common feature that it all can produce heat. It differs greatly from each other in the 
convenience with which it can be used for producing heat.  It also differs greatly in the ease 
with which they can be stocked, transported, controlled and used. It can be transformed 
between each other in certain directions, but only at considerable cost. The amount of energy 
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present in a given energy source that is effectively converted into useful heat or work, 
depends on the efficiency of the device, machine or process that does the conversion, and this 
conversion efficiency varies widely between uses and can vary in the same use between 
different users. These are all factors that influence the accuracy and applicability of energy 
statistics. 
 
An overall energy balance shows in a coherent accounting framework, the stocks, and flows 
of all forms of energy, from origin to final users. Such a balance provides a basis for rigorous 
analysis and synthesis and ensures internal and external consistency within and between 
separate energy commodity balances. Such an overall energy balance is at the same time a 
key framework around which can be build more elaborate analyses, where these are more 
detailed, than can conveniently be incorporated in the basic balance itself. Further 
information is available at United Nations Statistics Division - Concepts and Methods in 
Energy Statistics, with Special Reference to Energy Accounts and Balances - A Technical 
Report (UNSTATS, 1982).The main purpose of compiling energy balances is to show in one 
table the overall picture of energy production, conversion and consumption for each fuel 
utilised in the country, as displayed in Table 5.2. Without such an overall comprehensive 
picture the consequences of policy and investment decisions are unlikely to be as well 
understood, and the effects of past decisions on total energy provision will not be monitored 
as effectively (UNSTATS, 1991).  
 
Exceptional work is done by the International Energy Agency (IEA) in reporting energy 
supply and consumption globally, but also country level. The online accessible database dates 
back to 1971 up to 2011. Apart from the tables the energy balance is also available graphs. To 
visualise energy flow in South Africa economy two annexure are attached. Annexure D 
displays the energy balance in total primary energy supply and the conversion processes to 
different energy ends with the main categories of total final consumption. In the case of coal 
around 32% of production is exported, some 11% goes to CTL conversion plants and the 
balance are used for electricity generation. Due to combustion and generation losses only 
31% of the coal energy is eventually converted in electricity. Annexure E displays how the 
total final consumption is allocated to different industries and residential consumers. 
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Table 5.2: Energy Balances matrix for South Africa 2010 
 
Source: IEA, (2012a: 335) 
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Very similar to IEA graphs, the Department of Energy has displayed the Energy Balance of 
South Africa from primary energy supply to the end use, but did not allocate to final 
consumers of the energy. In Figure 5.27 it is visible that hydro was the only renewable energy 
resource up to 2010 while oil as a primary resource is still substantially less than coal. 
 
Figure 5.27:  Graphic illustrations of the South African Energy Balances (2010) 
 
Source: Van Dyk et al (2012: 35) 
Over several years there has develop a relationship between the GDP growth and the growth 
in the demand for various types of fuel, such as coal and oil. The IEA are also reporting on 
several of these relationships. Figure 5.28 indicates how these relationships have changed 
since 1971. The values for GDP are based on GDP in 2005 USD. The introduction of 
renewable energy should reduce demand for fossil fuels as it grows as suppliers of primary 
energy. This is structural change in the supply side of energy sector. Demand for cleaner 
energy such as natural gas, will also change the supply side of the Energy Balances with 
increased supply of gas and decreases on supply of coal. It is also clear that the energy 
intensity of the economy (TPES/GDP) has started to decline from around 1988 and needs to 
be considered in the forecast of energy demand to 2030. 
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The balance of the questions in the questionnaire and the results together with the results of the questions above, is displayed in 
ANNEXURE B 
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ANNEXURE B 
 
Prepared by:  Louis J Roux
Round 2 of responses by all Respondents
Questionnaire
Name & Surname
Email
2
2.1
2.2
2.3
Version 2.0                                   
Questionnaire
Questions regarding key model assumptions
1.   Personal information of respondent
The average Consumer Price Index (inflation rate) for the 
period until 2030:
The average real GDP growth rate for RSA over the period until 
2030 would be: 
The average finance cost for long term capital projects in RSA to be 
commissioned between 2020 and 2030 is expected to be: 
2% 7%
39% 32% 16%
4%
<4% 4 ‐ 5% 5 ‐ 6% 6 ‐ 7% 7 ‐ 8% >8%
13%
44%
25% 13% 2% 4%
<10% 10‐12% 12‐14% 14‐16% 16‐18% >18%
0%
20%
40%
60%
80%
100%
Experts Specialist Basic knowledge
7%
31%
15%
8%
16%
17%
6%
Academic / researcher
Business executive
Corporate advisor
Economist
Energy expert
Manager in energy sector
Senior Government official
33% 52%
15%
<40 years
41 to 55 years
>55 years
9%
44%
35%
9% 1% 1%
<2% 2‐3% 3‐4% 4‐5% 5‐6% >6%
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2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11
The average value of ZAR/USD exchange rate between 2020 and 
2030 would be: 
The average cost of light crude oil in USD/barrel between 2020 and 
2030: (Assume 2011 = $110/barrel) 
The average cost of natural gas between 2020 and 2030, expressed in 
an oil equivalent basis of USD/barrel:  (Assume 2011 = $85/barrel) 
The cost of nuclear fuel 3.5% enriched uranium, between 2020 and 
2030 expressed in $/kg: (Assume 2011 = $2770/kg) 
The cost of production of hydrogen between 2020 and 2030 
expressed in R/cubic meter:  (Assume 2011 = R3500/m3) 
The cost per ton (in Rand) between 2020 and 2030, for C-grade coal 
suitable for local power stations: (Assume 2011 = R180/ton to 
R200/ton) 
The cost per ton (in Rand) between 2020 and 2030 for solid biomass 
waste such as woodchips & sugarcane bagasse: (Assume 2011 = 
R150/ton)
The cost in Rand/KWh between 2020 and 2030, for imported 
hydroelectricity from neighbor countries: (Assume 2011 = 
R0.40/KWh) 
5%
14% 22% 21% 13%
25%
<R8/$ R8/$‐R9/$ R9/$‐R10/$ R10/$‐R11/$ R11/$‐R12/$ >R12/$
13% 25% 33% 14% 8% 7%
<$120 $120‐$139 $140‐$159 $160‐$179 $180‐$199 >$200
29%
36% 28%
0% 4% 2%
<$100 $100‐$124 $125‐$149 $150‐$174 $175‐$199 >$200
7%
20% 35%
28%
6% 4%
<R200 R200‐R274 R275‐R349 R350‐R424 R425‐R500 >R500
27%
34% 24%
11%
1% 4%
<R200 R200‐R274 R275‐R349 R350‐R424 R425‐R500 >R500
9%
31% 25% 18%
6% 12%
<R0.60 R0.60‐R0.69 R0.70‐R0.79 R0.80‐R0.89 R0.90‐R0.99 >R1.00
7%
21% 36% 20%
5%
11%
<$2500 $2500‐$2999 $3000‐$3499 $3500‐$3999 $4000‐$4499 >$4500
11%
27% 42%
12% 4% 5%
<R3000 R3000‐R3999 R4000‐R4999 R5000‐R5999 R6000‐R6999 >R7000
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2.12
2.13
2.14
3
3.1
3.2
3.3
3.4
3.5
The cost of production of syngas between 2020 and 2030 from coal 
gasification, expressed in Rand/cubic meter: (Assume 2011 = R2 
800/m3)  
Due to structural reasons the CPI in the long run will average 
between 5% and 6% per year.
The financial crisis in Euro zone is contained and will be resolved 
soon.
The financial crisis in Euro zone will get worse and will be impact 
South African GDP very negatively.
The expected amount of electricity required annually by 2030 before 
transmission and distribution losses is deducted, would be: (Assume 
2011 = 253 TWh) 
The expected annual crude oil and liquid fuel consumption by the 
end of 2030 would be: (Assume 2011 = 25.78 million ton) 
Do you agree with following statements? 
(  Strongly disagree = 1    Neutral =3   Strongly agree = 5. )
South African CPI would be contained within 3% to 6% inflation 
target range until 2030. Do yo agree?
South Africa will be able to develop new markets by 2015 to replace 
loss of foreign trade with Europe.
9% 31% 34%
21%
5%
Strongly Disagree Disagree Neutral Agree Strongly Agree
12%
42% 29%
9% 6% 1%
<R3000 R3000‐R3999 R4000‐R4999 R5000‐R5999 R6000‐R6999 >R7000
9% 21%
29%
19%
6%
15%
<350TWh 350‐374TWh 375‐399TWh 400‐424TWh 425‐450TWh >450TWh
7% 9%
24% 27%
12%
21%
<28Mt 28‐30Mt 30‐32Mt 32‐34Mt 34‐36Mt >36Mt
8%
26% 24% 39%
4%
Strongly Disagree Disagree Neutral Agree Strongly Agree
19% 45% 20% 13% 4%
Strongly Disagree Disagree Neutral Agree Strongly Agree
5%
28% 27% 35%
5%
Strongly Disagree Disagree Neutral Agree Strongly Agree
6% 19%
28% 45% 2%
Strongly Disagree Disagree Neutral Agree Strongly Agree
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3.6
3.7
3.8
3.9
3.10
3.11
3.12
4
4.1
The South African economy  has seen strong growth in service 
industries  because the BEE policy discourage large private sector 
investments in the industrial sector.
The current labour legislation and the strength of labour unions are 
seen as important reasons for slow GDP growth.
The large infrastructure investment program would create limited 
long term sustainable employment.
Since 2009 the forecasted GDP growth rates were continuously 
revised lower. At current GDP growth rates the economy is grossly 
“underperforming”.
The ZAR/USD exchange rate would remain relatively strong until 
2030 due to substantially inflated USA debt, mainly as a result of the 
USA monetary easing policy.
The poor maintenance of existing infrastructure such as roads & rail 
is limiting GDP growth.
Eskom indicated that cost reflective tariffs should be around 
R0.90/KWh compared to the current price of R0.50/KWh. Do you 
agree?
Questions/statements regarding climate change mitigation 
until 2030.
Greenhouse gas emission is the reason for climate change 
phenomenon. Is this true?
38%
32% 28% 2%
Yes true Mostly true Partly true Not true
1% 7%
19%
39% 34%
Strongly Disagree Disagree Neutral Agree Strongly Agree
9% 41% 26%
21%
2%
Strongly Disagree Disagree Neutral Agree Strongly Agree
13% 22% 19%
34%
12%
Strongly Disagree Disagree Neutral Agree Strongly Agree
4% 6% 11% 39% 41%
Strongly Disagree Disagree Neutral Agree Strongly Agree
2%
34%
11% 36% 16%
Strongly Disagree Disagree Neutral Agree Strongly Agree
0% 9% 6%
35% 49%
Strongly Disagree Disagree Neutral Agree Strongly Agree
9% 13% 11% 36%
31%
Strongly Disagree Disagree Neutral Agree Strongly Agree
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4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
The Integrated Resource Plan (IRP 2010) to reduce CO2 emissions 
and create employment is affordable and will meet emission targets. 
Is this true?
The most cost efficient way to reduce CO2 emissions is to reduce 
demand, to switch to more energy efficient goods and burn less fossil 
fuel. In your view, what is the average per capita carbon footprint for 
South Africa, per annum?
South Africa has large coal resources at competitive prices with high 
CO2 emissions. Apart from Medupi & Kusile, should RSA build 
more coal power stations & what capacity?
Solar (CSP-thermal) is another intermittent renewable energy, but 
with 3 hours on-site energy storage, availabity is extended, at a cost 
upto 150% to 300% more than coal power. Should RSA invest in 
4GW capacity of CSP solar farms, or less, or not at all?
Biofuels and electricity from biomass waste will create the most 
employment at competive energy prices, but the farming requires 
much water and could impact on food security. Should RSA build 
upto 3GW bio-projects or less, or nothing?
Importing hydroelectricity from  Mozambique, DRC and Zambia 
could be expanded to about 4GW capacity but it place energy supply 
at risk as it is generated outside RSA. Should RSA commit to 
neighbor countries to increase their capacity by…....GW?
Nuclear is a clean technology but it generates nuclear waste and is 
very capital intensive with few highly qualified employees. Should 
RSA invest in 9.6 GigaWatt nuclear, or less, or not at all?
Wind energy is a renewable resource, but due to its intermittent 
nature it could cost 50% more than coal power. Should RSA invest in 
10GW capacity of wind turbines, or less, or not at all?
Solar (PV) is renewable energy, but due to weather and seasons its 
availability is intermittent and could cost upto 50% to 150% more 
than coal power. Should RSA invest in 7GW capacity of PV solar 
farms, or less, or not at all? 
4%
25%
34% 38%
Yes true Mostly true Partly true Not true
11% 21%
48%
20%
10‐12 ton 8‐10 ton 6‐8 ton < 6ton
16% 12% 21%
51%
Yes 9.6GW Yes 7.2GW Yes 3.6GW No
41%
9%
16%
33%
Yes 9.6GW Yes 7.2GW Yes 3.6GW No
46% 18%
34%
2%
Yes 10GW Yes 6GW Yes 3GW No
51%
21% 14% 14%
Yes 7GW Yes 5GW Yes 2GW No
47% 18% 19% 16%
Yes 4GW Yes 2.5GW Yes 1GW No
48%
16% 22% 13%
Yes 3GW Yes 2GW Yes 1GW No
60%
15% 16% 8%
Yes 4GW Yes 3GW Yes 2GW No
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4.11
4.12
5
5.1
5.2
5.3
5.4
5.5
The Integrated Resource Plan for Electricity 2010-2030 is the official 
strategy for resource planning in RSA. How much value has this document 
brought to your organization in terms of more certainty for planning your 
resource allocation?
Ocean wave, current and tidal energy are renewables, but are still in 
concept stage. RSA has large potential to generate base load power 
from the ocean. Should RSA invest in technology to establish 3GW 
capacity, or less, or not at all before 2030?
Clean coal technologies such as underground gasification and CCS 
could unlock further coal based power projects. Should RSA invest 
in clean coal technologies and what capacity at cost of 2x normal 
coal power?
Questions on the relationship between energy costs, GDP 
growth and employment
The Government is planning to introduce a Carbon Tax on CO2 emissions 
to finance green energy projects and to encourage fuel switching away 
from fossil fuel (coal & oil). In your view, how much should the carbon tax 
per ton of CO2 be?
Energy sector typically has below average income multiplier and 
employment multiplier effects. Government has identified “green energy” 
projects  as part of the grow strategy that also need to create employment. 
Is this a good strategy?
The cost of building nuclear plants are very high and construction periods 
very long. Due to a 60 year lifespan nuclear power is very expensive for 
the first 20 years then average and cost efficient the last 20 years. RSA 
want to build 9.6GW (5x Koeberg) nuclear plants to increase base load 
generation and reduce CO2 emissions. What is your view of this strategy?
If you have to choose between 10% load shedding and higher electricity 
tariffs, what is the maximum increase in cents/KWh that you would still 
consider to pay to avoid load shedding? 
7%
27%
35%
24%
7%
No value Minimal Fair Good Excellent
33%
0%
26%
41%
Yes 3GW Yes 2GW Yes 1GW No
19% 20%
35% 26%
Yes 9.6GW Yes 4.8GW Yes 2.4GW No
13% 13%
24% 38%
13%
No  May be Acceptable Good Excellent
32%
16%
24% 20%
8%
No  May be Acceptable Good Excellent
16% 15% 18% 18% 33%
<5c/KWh 5‐10c/KWh 11‐15c/KWh 16‐20c/KWh 21‐25c/KWh
35% 18%
5% 8%
34%
R20/t CO2 R40/t CO2 R60/t CO2 R80/t CO2 R100/t CO2
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5.6
5.7
5.8
5.9
5.10
5.11
5.12
In your view, what would the impact on the GDP growth rate of South 
Africa be, if the electricity tariff is increased to 100c/KWh within 5years ?
In your view, what would the impact on creation of employment in South 
Africa be, if an electricity tariff is increased 100c/KWh within 5years?
THANK YOU FOR YOUR PARTICIPATION.
What would you expect, would the impact on employment be, should 
Government implement R100/t CO2 carbon tax on the economy?
Imported hydro electricity from neighbor countries, Mozambique and 
Zambia could be increased but there are higher risks involved and it does 
not create much employment in RSA. Hydro is accepted as renewable 
energy and the prices are competitive. Is it a feasible strategy that RSA 
increase electricity imports?
Should Eskom  increases tariffs by 15% for next 5 years, the cost per KWh 
would double from 50c/KWh to 100c/KWh. As organizations need to 
recover the costs from the consumers, prices will have to be increased 
which influence demand. How much will electricity tariff increases at 15% 
vs inflation related increases, affect the economy over next 5 years?  
If you have excess heat that can be used for electricity generation, or has 
excess electricity from time to time  from whatever resource or whatever 
reason, would you be interested to sell it back to the national grid and at 
what price (relative to the  price that you pay for power from the grid)? 
At the current growth in consumption of liquid fuels, RSA would need 
about 80 000 to 100 000 barrels per day of new capacity by 2020. With 
major gas discoveries near Mozambique coast we should build more gas-to-
liquid GTL plants to provide liquid fuel. Sasol and PetroSA produce fuel 
from GTL technology. What do you think of this strategy?
14% 8%
46% 22%
9%
Grid price‐10% Grid price‐5% At Grid Price Grid price+5% Grid price+10%
9%
16%
25% 26% 24%
No  May be Acceptable Good Excellent
31% 28% 25% 9% 7%
3‐4% 
retrenchments
1‐2% 
retrenchments
No effect, +1% 
employment
+2% 
employment
7%
16%
26% 31% 20%
No  Maybe Acceptable Good Excellent
5% 5%
39%
27% 25%
Not at all Minimal Substantial Major Severely
6%
20%
39%
24%
12%
GDP decline by 
10‐15%,
GDP decline by  
5‐10%
GDP decline by 
0‐5%
GDP not effected GDP increase 0‐
5%
7%
19% 40% 15% 19%
More 
employment
Employment not 
effected
1‐2% 
retrenchment
2‐3% 
retrenchments,
>3% 
retrenchments
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ANNEXURE F   Condensed Supply  & Use table at Purchaser's prices for 2005:  (Rmillion)
SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8 SC9 SC10 SC11 SC12 SC13 SC14 SC15 SC16 SC17
SR1
SR2 Agriculture, forestry and fishing 104,594      3,870      9,462        91,262       83,432     -         1,666          -         -              -         -         -           64            85,162       6,100         -            
SR3 Mining and quarrying 242,655      4,287      7,493        230,875     -           182,202 -              -         -              -         -         -           209          182,411     48,464       -            
SR4 Manufacturing 1,643,664   112,449  262,738    1,268,478  -           -         936,865      -         -              -         4,422     -           16,086      957,373     311,105     -            
SR5 Electricity, gas & water 70,033        2,932      -            67,101       -           -         -              67,101   -              -         -         -           -           67,101       -             -            
SR6 Construction 145,997      3,388      -            142,609     1,028       -         -              -         115,375      -         -         -           25,835      142,238     370            -            
SR7 Wholesale, Retail, Motor Trade, catering and accommodation. 92,312        3,185      (243,629)   332,756     -           733        -              -         -              268,748  -         -           49,471      318,951     13,805       -            
SR8 Transport, storage and communication 165,051      (801)        (36,064)     201,915     -           11          -              -         -              -         178,991 -           10,714      189,716     36,975       (24,775)     
SR9 Busines Services 816,871      21,021    -            795,850     -           2,605     68,548        152        3,757          43,523    114,158 512,284    32,768      777,796     21,098       (3,044)       
SR10 Community Services 552,451      19,684    -            532,768     -           3,735     6,704          -         -              5,450     -         6,967        504,548    527,403     5,365         -            
SR11 CIF/FOB adjustment -              -         -            -            -           -         -              -         -              -         -         -           -           -            (27,819)      27,819      
SR12 Purchases abroad by residents 22,097        -         -            22,097       -           -         -              -         -              -         -         -           -           -            22,097       -            
SR13 Total supply at basic prices 3,855,725   170,015  0               3,685,710  84,460     189,286 1,013,782   67,253   119,132      317,721  297,571 519,251    639,696    3,248,151  437,559     -            
UC1 UC2 UC3 UC4 UC5 UC6 UC7 UC8 UC9 UC10 UC11 UC12 UC13 UC14 UC15 UC16 UC17 UC18 UC19 UC20 UC21 UC22
UR1
UR2 Agriculture, forestry and fishing 104,597      1,492       10          52,255        6            1                 202        4            56            2,013        56,040       48,558      10,310       38,147      -            -         100        
UR3 Mining and quarrying 242,655      734          1,659     103,136      9,480     2,407          36          878        -           3,658        121,987     120,668    117,810     778           -            -         2,081     
UR4 Manufacturing 1,643,664   30,987     35,144   411,983      7,290     56,805        57,626    65,481   33,700      84,347      783,362     860,302    193,629     498,009    -            152,469  16,195   
UR5 Electricity, gas & water 70,032        855          4,347     17,663        9,869     186             2,721     1,402     5,227        2,486        44,756       25,275      5                25,270      -            -         -         
UR6 Construction 145,997      168          2,570     10,444        291        7,511          921        11,853   8,102        3,328        45,188       100,809    286            1,480        -            99,043    -         
UR7 Wholesale, Retail, Motor Trade, catering and accommodation. 92,311        242          312        6,433          177        405             3,979     13,965   17,959      2,566        46,038       46,273      20,811       25,462      -            -         -         
UR8 Transport, storage and communication 165,051      6,710       22,265   32,462        708        1,192          12,235    12,904   4,718        7,748        100,942     64,108      16,446       47,662      -            -         -         
UR9 Busines Services 816,871      3,518       14,510   85,138        6,303     19,389        85,128    50,080   152,174    126,459    542,698     274,172    20,318       241,613    -            12,241    -         
UR10 Community Services 552,450      2,413       2,647     42,553        118        625             1,177     8,016     16,272      32,253      106,072     446,378    4,479         136,167    305,732    -         -         
UR11 Purchases abroad by residents 22,097        -           -         -              -         -              -         -         -           -           -            22,097      -             22,097      -            -         -         
UR12 Purchases by non-residents -              -           -         -              -         -              -         -         -           -           -            -            46,107       (46,107)     -            -         -         
UR13 Total uses (purchasers prices) 3,855,725   -         -            47,119     83,463   762,067      34,243   88,522        164,024  164,582 238,206    264,857    1,847,084  -             2,008,641 430,202     990,578    305,732    263,753  18,376   
UR14 TotalGross Value added (GDP) 170,015  0               37,341     105,823 251,715      33,010   30,610        153,697  132,988 281,044    374,838    1,401,067  1,571,082  
UR15 Total output at basic prices 84,460     189,286 1,013,782   67,253   119,132      317,721  297,571 519,251    639,696    3,248,151  
Mining Manufacturing Electricity
Final 
DemandTransport Busines Services
Community 
Services
Trade Transport
Exports 
Households 
consumption 
expenditure
Total 
economyTotal Industry
Industries
Construction Trade
General 
government 
consumption 
expenditure
Fixed 
capital 
formation
Changes 
in 
inventories
Trade and 
Transport 
margins
Manufacturing Busines Services
Total Industry ImportsCommunity 
Services
CIF/FOB 
adjustment
Agriculture
Supply table 
Trade and 
Transport 
margins Agriculture Mining Electricity Construction
Total Supply 
at Purchaser's 
prices
Taxes less 
Subsidies 
on 
products
Total Demand 
at Purchaser's 
prices
Taxes less 
Subsidies 
on 
products
Use table 
Total Supply 
at Basic 
prices
Industries
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ANNEXURE G Condensed Supply  & Use table at Purchaser's prices for 2011:  (Rmillion)
Total supply Taxes less Trade and Total supply Agriculture, Mining Manufac- Electricity, Construc- Trade, Transport, Finance, Other Total Imports C.i.f / f.o.b.
Supply table 2011 at purchasers' subsidies transport at basic forestry, and turing gas and tion catering, commu- business services industry adjustment
prices on products margins prices fishing quarrying water accommodation nication services
Agriculture, forestry and fishing  195 059        6 833       17 675     170 551    158 087     -                 2 651        -                 -                 -                 -                    -                   120           160 859     9 693        -                
Mining and quarrying  512 983        7 574       13 303     492 106    -                  408 961    -                 -                 -                 -                 -                    -                   344           409 304     82 802      -                
Manufacturing 2 748 552      208 877   493 631   2 046 043  -                  -                 1 372 684  -                 -                 -                 7 379          -                  21 107       1 401 171   644 872    -                
Electricity, gas & water  150 136        5 174      -               144 962    -                  -                 -                 143 621    -                 -                 -                    -                  -                  143 621     1 341        -                
Construction  338 517        5 978      -               332 538    1 935         -                 -                 -                 283 431    -                 -                    -                  46 669       332 035      503          -                
Wholesale, Retail, Motor Trade, cate  155 955        5 620      -470 258    620 593    -                  1 750        -                 -                 -                 502 633    -                    -                  97 883       602 265     18 327      -                
Transport, storage and communicatio  296 668       -5 713        -54 352      356 733    -                   30            -                 -                 -                 -                 303 044      -                  24 989       328 063     66 067      -37 397       
Busines Services 1 442 473      36 544    -               1 405 929  -                  5 351        97 968       310          9 160        85 815      162 482       963 134     51 410       1 375 630   34 903      -4 604         
Community Services 1 154 216      25 272    -               1 128 944  -                  8 298        9 399        -                 -                 10 193      -                     13 837       1 074 538   1 116 265   12 679      -                
CIF/FOB adjustment -                    -                -               -                 -                  -                 -                 -                 -                 -                 -                    -                  -                  -                  -42 001       42 001      
Purchases abroad by residents  43 171         -                -               43 171      -                  -                 -                 -                 -                 -                 -                    -                  -                  -                  43 171      -                
Total supply at basic prices 7,037,730     296,160    0              6,741,570  160,023      424,390     1,482,702  143,931     292,591     598,641     472,905       976,971       1,317,060   5,869,213   872,357     -            
Total supply Taxes less Trade and Agriculture, Mining Manufac- Electricity, Construc- Trade, Transport, Finance, Other Total Total Components
Use table 2011 at purchasers' subsidies transport forestry, and turing gas and tion catering, commu- business services industry economy of final
prices on products margins fishing quarrying water accommodation nication services demand
Agriculture, forestry and fishing  195 059       3 216         25             90 119       13             4               407            10                110            3 864          97 768        97 292       19,961     77,749        -              -           974          (1,392)      
Mining and quarrying  512 983       1 238          5 438         188 780     25 596       5 794         84             1 269           -                  6 252          234 452      278 531     272,868   1,574          -              -           4,288       (198)         
Manufacturing 2 748 552     58 492        73 406       584 650     11 465       127 132     95 014       93 240         56 462         155 433      1255 292    1493 259   390,744   838,798      -              278,091   10,300     (24,674)    
Electricity, gas & water  150 136       2 124          12 109       33 242       20 075       733           6 293         2 920           12 347         6 871          96 716        53 420       1,249       51,750        -              -           -          422          
Construction  338 517       316            3 901         14 236       410           17 975       1 395         14 744         11 967         5 909          70 854        267 663     449          10,790        -              249,839   -          6,584       
Wholesale, Retail, Motor Trade, cate  155 955       516            700           10 208       343           1 369         8 244         24 229         37 119         6 636          89 365        66 590       31,498     45,577        -              -           -          (10,486)    
Transport, storage and communicatio  296 668       17 453        41 520       54 100       1 635         3 211         24 644       23 602         10 876         21 876        198 917      97 751       25,266     79,838        -              -           -          (7,353)      
Busines Services 1 442 473     6 759          26 027       119 402     11 367       51 591       138 511     72 344         282 472       235 710      944 182      498 291     41,251     414,291      -              25,383     -          17,366     
Community Services 1 154 216     5 443          4 894         61 248       211           1 770         2 033         13 389         33 796         137 505      260 288      893 928     8,034       243,475      635,020       -           -          7,399       
Purchases by non-residents -                    -                  -                 -                 -                 -                 -                 -                    -                  -                  -                  -                63,023     (63,023)       -              -           -          -           
Purchases by residents abroad 43 171          -                  -                 -                 -                 -                 -                 -                    -                  -                  -                  43 171       -           43,171        -              -           -          -           
Total uses (purchasers prices) 7 037 730     0 0 95 558        168 020     1155 985   71 115       209 579     276 625     245 746       445 149       580 057      3 247 834   0 3 789 896  854,343   1,743,990   635,020       553,313   15,562     (12,332)    
TotalGross Value added (GDP)  296 160  0 64 464        256 370     326 717     72 816       83 012       322 016     227 159       531 822       737 003      2 621 379   2 917 539  
Total output at basic prices 160 023      424 390     1482 702   143 931     292 591     598 641     472 905       976 971       1317 060    5 869 213   
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 ANNEXURE H Predicted Condensed Supply  & Use table at Purchaser's prices for 2030:  (Rmillion)
2030 Total supply Taxes less Trade and Total supply Agriculture, Mining Manufac- Electricity, Construc- Trade, Transport, Finance, Other Total Imports C.i.f / f.o.b.
Supply table at purchasers' subsidies transport at basic forestry, and turing gas and tion catering, commu- business services industry adjustment
prices on products margins prices fishing quarrying water accommodation nication services
Agriculture, forestry and fishing 854,511         28,584          -13,990,795     753,929         744,324       -               13,364          -                -                 -               -               -               442                758,131         36,058           -                 
Mining and quarrying 2,176,795      31,633          -10,654,186     2,087,680      -               1,655,415    -               -                -                 -               -               -               1,169             1,711,322      385,509         -                 
Manufacturing 11,693,156    891,047        -390,226,350   8,823,821      -               -               6,906,017     -                -                 -               35,432          -               84,855           6,236,531      2,707,607      -                 
Electricity, gas & water 680,541         21,677          -                   658,560         -               -               -               591,088        -                 -               -               -               -                 648,723         3,803             -                 
Construction 1,577,521      25,048          -                   1,550,486      9,200           -               -               -                1,175,887      -               -               -               193,997         1,533,210      2,589             -                 
Wholesale, Retail, Motor Trade, caterin 792,431         23,547          369,524,518     2,661,844      -               7,172           -               -                -                 2,280,431     -               -               348,479         2,546,570      97,075           -                 
Transport, storage and communication 1,329,731      -35,686        45,346,813       1,593,202      -               131              -               -                -                 -               1,437,605     -               90,221           1,462,611      294,674         -                 
Busines Services 6,417,759      151,608        -                   6,260,598      -               22,016         494,979        1,240            39,052           384,385        730,890        4,138,084     204,043         6,080,610      149,337         -                 
Community Services 5,117,300      115,228        -                   4,997,356      -               34,106         47,649          -                -                 45,373          -               60,370          4,061,387      4,905,859      47,096           -                 
CIF/FOB adjustment -                 -               -                   -                 -               -               -               -                -                 -               -               -               -                 -                 -189,550        -                 
Purchases abroad by residents 202,789         -               -                   202,369         -               -               -               -                -                 -               -               -               -                 -                 216,846         -                 
Total supply at basic prices 30,842,532    1,252,686     -0                     29,589,846    753,524       1,718,840    7,462,009     592,328        1,214,939      2,710,189     2,203,927     4,198,453     4,984,593      25,883,567    3,751,045      -                 
2030 Total supply Taxes less Trade and Agriculture, Mining Manufac- Electricity, Construc- Trade, Transport, Finance, Other Total Total Components
Use table at purchasers' subsidies transport forestry, and turing gas and tion catering, commu- business services industry economy of final
prices on products margins fishing quarrying water accommodation nication services demand
Agriculture, forestry and fishing 854,511         14,203         95                453,319        51                 18                  2,026            46                 480               14,942           440,613         412,736         79,709          350,924          -                 -                -2,812           123,917        
Mining and quarrying 2,176,795      5,470           23,783         894,350        102,510        23,920           420               6,042            -               23,545           999,952         1,176,306      1,201,138     6,865              -                 -                -82,318         159,112        
Manufacturing 11,693,156    258,348       299,965       2,881,434     46,888          524,798         434,685        444,613        245,257        580,796         5,581,171      6,104,951      1,568,984     3,712,315       -                 1,194,231     130,773        3,827,278     
Electricity, gas & water 680,541         9,382           51,973         160,254        83,928          3,027             29,086          14,015          53,179          25,594           426,788         251,326         3,556            230,927          -                 -                -                -319,553       
Construction 1,577,521      1,396           17,395         69,948          1,691            73,969           6,671            71,140          51,980          22,104           323,480         1,261,590      2,019            12,081            -                 1,053,348     -                -1,847,131    
Wholesale, Retail, Motor Trade, caterin 792,431         2,281           3,093           50,382          1,405            5,640             37,784          116,117        158,267        24,910           410,646         380,666         164,091        223,908          -                 -                -                -60,918         
Transport, storage and communication 1,329,731      77,086         194,210       265,602        6,662            13,226           113,690        114,257        46,301          81,202           897,713         426,014         107,839        352,555          -                 -                -                333,761        
Busines Services 6,417,759      29,695         116,470       588,529        45,950          212,465         634,036        347,946        1,165,377     879,952         4,210,801      2,180,390      190,406        1,853,595       -                 110,470        -                -949,129       
Community Services 5,117,300      24,042         21,925         302,363        865               7,295             9,829            64,052          143,918        505,634         1,150,028      3,989,768      37,511          1,120,444       2,571,274      -                -                -1,288,612    
Purchases by non-residents -                 -               -               -               -                -                 -               -               -               -                 -                 -                 312,636        -305,697        -                 -                -                -                
Purchases by residents abroad 202,789         -             -             -             -              -               -             -              -               -               -               204,582       -              208,835        -               -              -              -                
Total uses (purchasers prices) 30,842,532    -               -                   421,902       728,909       5,666,180     289,951        864,358         1,268,227     1,178,228     1,864,759     2,158,677      14,441,192    -                 16,388,330    3,667,888     7,766,752       2,571,274      2,358,049     45,643          -21,277         
TotalGross Value added (GDP) 1,252,686     -0                     331,622       989,931       1,795,829     302,377        350,581         1,441,962     1,025,700     2,333,694     2,825,916      11,397,610    12,650,296    
Total output at basic prices 753,524     1,718,840  7,462,009   592,328      1,214,939    2,710,189   2,203,927   4,198,453     4,984,593    25,838,802  
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